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PREFACE 



The MB20 Internal Memory Unit Description consists of three sections: 

Overview 

Functional Description 

Logic Description 

The Overview gives a brief physical description of the memory system and 
describes its basic operation. MB20 system specifications are provided. The 
Functional Description gives a detailed description of SBus operation and 
memory system addressing for the various interleaving modes. It also 
describes sequence of operation for both a controller and a storage module. 
Major logic signals are discussed and flowcharts are included. The Logic 
Description, the most detailed part of the Unit Description, describes the 
MB20 at the circuit level. Print prefixes are used, providing a direct index 
into the Field Maintenance Print Set. 
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SECTION 1 
OVERVIEW 

KL20 



1.1 GENERAL INFORMATION 

The MB20 internal memory for the KL10 allows up to four data words to be accessed by a single 
MBox memory reference. The memory system consists of one to four memory controllers interfaced to 
the SBus with each controller connecting to and controlling one to four storage modules (Figure 1-1). 
During interleaved operation, two controllers are addressed at once and cycle together to cause simul- 
taneous storage module operation. 

Each storage module (SM) in the MB20 system is a coincident current, ferrite core, 3-wire memory 
with a basic core cycle time of approximately one ps. SM capacity is 32K (32,768) 37-bit words, with 
each word consisting of 3(6 data bits, plus 1 parity bit. Since a system can have a maximum of 16 
storage modules, maximum total capacity is 16 X 32K - 512K (524,288) words. 

The basic internal memory, contained in the CPU cabinet, consists of two controllers (MCO and MCI) 
and associated storage modules. These two controllers are connected in parallel to the MBox via SBus 
0. Additional core capacity is provided by the second controller pair (MC2 and MC3) and associated 
storage modules. These are installed in the I/O cabinet; the controllers connecting to SBus 1, as does 
the DMA20 Memory Bus Adapter if external memories are connected to supplement the internal 
memory system. The chart below lists the various MB20 system components. Module utilization is 
shown in Figure 1-2. 

MB20-M (32K X 19-bit core memory section) 
1-G116 Sense/Inhibit Module 
1-G236 X-Y Driver Module 
1-H224-B Stack Module 

MB20-E (two storage modules, 64K X 37-bit expansion core memory) 
4-MB20-M 

MB20-G (Controller pair plus two storage modules) 
1-MB20-E 

2-M8568 Control Module 
2-M8565 Timing Module 
2-M9005 SBus Terminator Module 
2-H7420 Power Supply 
4-H744 Power Supply (+5 V) 
6-H754 Power Supply (+20 V) 
2-BC20-C SBus Cable 
1-1213011 Blower Assembly 
1-7012773 Logic Assembly 

NOTE 
A fully populated 256K X 37 bit MB20 system con- 
sists of one MB20-G, plus three MB20-Es. 
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Figure l-l MB20 Internal Memory 
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Figure 1-2 MB20 Module Utilization 
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£ S™ SrXnf «e™«, read, read-modify-write, and the diagnostic cycle. During a 
I?fteopera^Tdata P " transferred from the MBox to the MB20 over the SBus and deposited lm core 
under control of the addressed controller(s). During the read operation, data is transferred from core 
» tiS SBu undo contr" of the addressed controller^) and collected by the MBox The read-modify- 
wriTe operation ttansfers data from core (as for the read) for modification by the MBox .and then 
Transfers the modified data back to core (as for the write m one operation. The diagnostic cycle 
ransfcrs contrXformation from the MBox to the MB20 and then relays statu .information back to 
^MBoxTbrief description of memory operation follows. A more complete discussion is included 
in Section 2 where the SBus is described in detail. 

AccL wmem'oryt toed on a "start/acknowledge" system whereby the MBox asserts an address on 
tht bus SiZ i START level, and then waits for an ACKN (acknowledge) response from the 
ddres^TonuollerlsT. An acknowledge would be delayed if the addressed controllers) was stiU busy 
from a orevious ooeration. To specify a write or read operation, either the SBUS WR RQ or SBUS 
RD RQ P line is I!S by the MBox along with the START level. Both Unes are ra>sed if a read- 
modify-write operation is to be performed. 

Memorv references to the MB20 can each access from one to four word locations and they are directed 
toTwori TaroSsTn core called quad-words. More than one location can be addressed at once because 

££££Z £q£?> - ^tod* « ? art ° f . the £? ^frflh^ADR Un« B "3S?S 

^nificant bia °(ADR 34 and 35). By encoding the values (00, 01, 10, U) of the two least signif.can bi« 
SffiS RQ ones and by asserting the appropriate lines the MBox can specify any , or all vv ^rds (0-3) 
in the 4-word group. For example, to request words and 2 (addresses 00 and 10), RQ0 and RQ2 are 
asserted. All RQ lines are raised for a 4-word request. 

Although one to four words may be addressed simultaneously on the SBus, data ^transfer and [other 
communication (including the ACKN for each word) is on a serial basis. The a ddress of the u^d 
Z be accessed, the starting address, is specified by the two least »?«^ **« ^m* J^Sri 
;„ ..»<.«A~i in the annmnriate RO line ust as any other address in the quad-word mat is requested. 
After "helm SwoXre ^ Tnascendingorder, modulo 4. For example a memory reference- 
reauesuna four words with a starting address of 01 causes the MB20 to transfer data in the word order 
1 2 fS A startng address of 00 with request lines RQ 0, 1, and 3 asserted results in words being 
cycled in the order 0, 1, 3. 

Fofa writrooe y ra^on e the MBox asserts the SBUS ADR lines, places the first word to be written on 
^S^^SS^It^ WR RQ, and one or more RQ lines. The MB20 in responding jto he 
starting ^addms? generates ACKN, starts a core cycle in the selected storage modules and strobes the 
firsVwIrd I from the data Unes. If accessing one core location only, the MBox drops START upon 
Sng ACIW and the SBus operation ends. The addressed controller would remain busy, however, 
untTuhe%o«^cL (a core read followed by a core write) ends and the data is written m core. 

If more than one word is to be written, the MBox uses the first ACKN signal to place the next word on 
L T a imes When the MB20 acknowledges the address of this word, *^W^g*C™ 
sianal it again strobes the data lines collecting the word from the SBus. As before, the MBox asserts 
ne'w da a upon recefvlng ACKN if another wo?d is to be accessed. SBus ^^f.^Xta Tto 
address of the last word requested has been acknowledged and the data strobed from the bus. The 
addressed controller(s) remains busy until the data is wntten in core. 
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1.2.3 Memory Read 

For a read operation, the MBox asserts the SBUS ADR lines and raises START, together with RD 
RQ and one or more RQ lines. As for the write operation, the MB20 acknowledges the starting address 
by generating ACKN and a core cycle is started in the selected storage modules. If accessing one core 
location, the MBox drops START upon receiving the first ACKN signal. When the data is read from 
core, the MB20 gates the word onto the data lines and asserts the DATA VALID line, also part of the 
SBus. DATA VALID is used by the MBox to strobe the word off the data lines, ending the SBus 
operation. If more than one word has been requested, ACKN and a corresponding DATA VALID are 
generated for each word until all addresses have been acknowledged and all words have been collected 
by the MBox. START is negated when the last ACKN is received by the MBox and the SBus oper- 
ation ends when the last word has been strobed from the data lines. The addressed controller(s) 
remains busy until data has been restored in core. 

1.2.4 Memory Read-Modify- Write 

To perform a read-modify-write operation, the MBox asserts the ADR lines, START, RD RQ, WR 
RQ, and one RQ line. Only one core location may be accessed during the read-modify-write. Upon 
receiving START, the addressed controller generates ACKN and starts a core cycle. When the data is 
read from core, the MB20 gates the word on the data lines and generates DATA VALID. The MBox 
uses this signal to strobe the data from the SBus as in a read operation. Instead of the core cycle 
continuing (core write follows core read) to restore the data in core (as for a read), the core cycle 
pauses while the data is manipulated by the MBox. When the data is modified, it is placed on the data 
lines and the DATA VALID line is asserted, this time by the MBox. The second DATA VALID ends 
SBus operation and is used by the MB20 to strobe the modified word from the data lines and to initiate 
the core write cycle. The modified data is then written in memory. 

1.2.5 Diagnostic Cycle 

The diagnostic cycle is initiated in the CPU by a BLKO PI instruction. Control data is transferred to 
the addressed controller from the MBox during the first part of the cycle (TO MEMORY) and MB20 
status information is returned to the MBox during the second part of the cycle (FROM MEMORY). 
The controllers (MCO-3) are addressed by their "physical number" (0-3), a hard-wired address. 

To start a diagnostic cycle, the MBox places the control information (address limits, interleave mode, 
clear error, etc.) on the data lines and raises the DIAG line. The MB20 uses DIAG to strobe the data 
lines and store the control information. When the MBox negates DIAG, it removes the control infor- 
mation from the bus. The MB20 then gates the status information (error flags, address limits, etc.) on 
the data lines and the MBox collects the information, ending the operation. 

1.2.6 Interleaving 

Interleaving in the MB20 system is accomplished by allowing the two controllers on each SBus (0 or 1) 
to operate simultaneously; that is, two controllers can be addressed in one SBus memory reference and 
each controller can initiate a core cycle in a selected storage module (SM). One controller is enabled to 
respond to even addresses (RQ and 2) and the other to odd addresses (RQ 1 and 3). One or two SMs 
may be selected by a controller during one memory reference depending on the mode of operation. 

In 2-way interleave mode, one SM can be selected per controller for a total of two active SMs per 
controller pair. In 4-way interleave mode, two SMs can be selected by a controller allowing four SMs 
to be cycled in parallel. The 4-way interleave mode, which results in the shortest memory access times, 
is the normal KL10 operating mode. A no-interleave mode of operation can also be specified where 
one controller is addressed and one SM is selected. The no-interleave mode (and the 2-way interleave 
mode) would usually be employed when a system failure precluded the use of the 4-way interleave 
mode. Interleave operating modes are summarized in Table 1-1. 
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Table 1-1 Interleave Mode Summary 




Interleave Mode 


Active 
Controllers 


Selected 
SMs/Cont 


Words/ Core Cycle 


No Interleave 
2-Way Interleave 
4-Way Interleave 


1 

1-2 
1-2 


1 

1 

1-2 


1 

1-2 
1-4 



The previously described diagnostic cycle allows for program selection of one of the three interleave 
modes in each controller. It also provides for assigning each controller odd or even status (i.e., whether 
it is to respond to odd or even addresses) by setting request enable levels (RQ EN 0-3) in the controller 
at the same time that the interleave mode is assigned. For 2-way and 4-way interleave modes, RQ EN 
and 2 are set in one controller defining it as even and RQ EN 1 and 3 are set in the other controller 
defining it as odd. For no-interleave mode, where a single controller must respond to both odd and 
even addresses, all RQ EN levels (0-3) are set. A controller will appear off-line if no RQ EN levels are 
set. 

NOTE 
Results of a memory access are unspecified if the 
programmer does not load request enables consistent 
with interleave mode. 

1.2.7 Address Boundaries 

An address boundary register is incorporated in each MB20 controller to define the fixed portion of 
available address space represented by the controller and associated storage modules. The register is 
loaded under program control by means of the SBus diagnostic cycle. The information consists of a 
memory address, lower address boundary, and upper address boundary. The memory address bits 
correspond to SBus address bits ADR 14-17 and operate the same way as the address switches 
mounted on external memory (MG10, etc.); that is, the preset address must match the corresponding 
address lines in order for the memory to respond. Another condition is that the SBus address must be 
within certain limits as determined by the memory address acting in conjunction with the lower 
address boundary and upper address boundary. The lower and upper boundaries correspond to SBus 
address bits ADR 18-21. The address bits must be equal to or more than the lower limit and equal to 
or less than the upper limit. 

To summarize, successful addressing of the MB20 requires that: 

ADR 14-17 ■ Memory Address 

ADR 18-21 > Lower Address Boundary 

ADR 18-21 < Upper Address Boundary 

NOTE 
Because a controller pair is addressed in interleaved 
operation, the corresponding boundary registers in 
each of the two controllers on an SBus must be set to 
the same value in 2-way and 4-way interleave mode. 

The request enable levels (RQ EN 0-3) are set up in each controller to further specify the particular 
address (odd, even, all) in the quad-word for which a controller, and only one controller, will respond. 
Thus, another condition for selecting a controller is: 

RQn = RQENn,n = 0-3 
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As mentioned previously, a controller will appear off-line if no RQ EN levels are set. It will also appear 
off-line if the upper address boundary is set to a value lower than the lower address boundary, or if the 
lower address boundary is set greater than the upper address boundary. 

1.2.8 Error Checking 

A parity bit is written in a core location along with the 36 bits of data. Parity is odd and it is checked by 
the MBox after the word is read from core and received on the SBus during the read and read-modify- 
write operations. The MBox also checks for nonexistent memory. If ACKN is not received to indicate 
the presence of memory 80 fis after the assertion of START, a time-out sequence terminates the 
operation and prevents a hung condition. Both DATA PARITY ERROR and NONEXISTENT 
MEMORY are flagged in the MBox and cause an APR interrupt. The MBox also preserves the failing 
address in its Error Address register (ERA). 

Error conditions checked by the MB20 are ADDRESS PARITY ERROR and INCOMPLETE 
REQUEST. If bad parity is detected on the SBus address and request lines (ADR 14-35, RQ 0-3, RD 
RQ, WR RQ) when a controller is referenced, normal bus dialogue takes place between the MBox and 
the MB20, but read/write currents are inhibited by the controller in the referenced storage modules. 
This causes write data transferred from the MBox not to be deposited in core and zeros will be passed 
to the MBox as read data,, Data parity is also returned as zero, causing, the MBox to detect a data 
parity error for a read or read-modify-write operation when an address parity error occurs. In addition 
to immediately setting the internal error flag for an address parity error, the controller also raises the 
SBUS ADR PAR ERR line. This results in the MBox flagging the error condition and causing an 
APR interrupt. As for data parity and nonexistent memory errors, the failing address is held in the 
ERA. 

If a controller starts an operation and then fails to complete a memory reference after 10.2 ms, 
indicating a hung condition or incomplete request, a time-out occurs in the controller which sets the 
internal error flag and clears the controller to its initial state. The SBUS ERROR line is also asserted, 
causing an APR interrupt in the CPU. 

Controller error flags may be read by means of the SBus diagnostic cycle. Error flags set during a 
previous SBus operation are not cleared when another memory reference is made. Once set, error flags 
can be cleared only by means of the diagnostic cycle (i.e., BLKO PI). 

1.2.9 Diagnostic Features 

Loop-around mode is a diagnostic feature of the memory system which allows the data path between 
the MBox and the MB20 to be checked without actually reading or writing the data in core. The mode 
is used mainly by the diagnostic programmer in isolating system failures. It is set in a controller by 
means of the diagnostic cycle. When loop-around mode is set and followed by a write operation, 
normal SBus operation takes place and the MBox data is strobed into the data register(s) of the 
selected SM(s). However, SM read/write currents are inhibited by the controller and the data is not 
written in core. If an SBus read operation is initiated next (controller still in loop-around mode), again 
SBus operation is normal; that is, the data loaded by the previous write (still in data registers) is 
strobed onto the SBus and collected by the MBox. However, read/write currents are still inhibited and 
data is not actually read from core. Thus, loop-around mode tests the data path for both write and 
read operations independent of core memory selection and circuitry. Loop-around mode is automat- 
ically cleared in a controller at the conclusion of the read operation. 

Another diagnostic aid is the ability to test SM operation under margin control. Margins are turned on 
by means of the diagnostic cycle and provision is made to change: 

1. The amplitude of X-Y select currents 

2. The timing of the sense strobe 

3. The sense amplifier threshold voltage. 
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Margining allows problems to be detected in advance of a hard failure and it can also facilitate trouble- 
shooting by forcing intermittent problems to become constant. 

The KL10 system's clocks may be single-stepped under program control. Since the MB20 is sequenced 
by the SBus clock, the memory system will step with the rest of the system during this type of diagnos- 
tic operation. The SM core cycle is not clock-dependent (delay line timing) but slow clocking the 
MB20 is useful in isolating certain controller problems associated with high speed operation - noise 
problems, race conditions, etc. 

1.3 SPECIFICATIONS 

Specifications for the MB20 memory system are listed in Table 1-2. 

Table 1-2 MB20 System Specifications 



Memory Type 

Organization 

Cycle Time (SBus Read Operation)* 



Cycle Time (SBus Write Operation)* 
Read Access Time* 
Write Access Time* 
Voltage Requirements 



Environment 
Ambient Temperature 



Relative Humidity 



Magnetic core, read/write, coincident current, ran- 
dom access 

Planar, 3-D, 3-wire 

1920 ns (4- word CPU reference in 4-way interleave 
mode 

2320 ns (4-word Channel reference in 4*way inter- 
leave mode) 

1920 ns (4- word CPU or Channel reference in 4- 
way interleave mode) 

1040 ns (first word) +240 ns (each additional word 
in 4-way interleave mode) 

320 ns (first word) +240 ns (each additional word 
in 4-way interleave mode) 

+5 V ± 5% 
+20 V ± 5% 
-5 V ± 5% 



60° - 90° F 

20% - 80% (non-condensing) 



♦Measured from start of Cache cycle in MBox; MBOX CLK frequency - 25 MHz, SBUS CLK frequency - 25/4 MHz. 
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SECTION 2 
FUNCTIONAL DESCRIPTION 



This section contains a system-level description of SBus and MB20 operation. Major functional ele- 
ments are shown in Figure 2-1. 

2.1 SBUS OPERATION 

The SBus connects the MA20 Internal Memory, the MB20 Internal Memory, and the DMA20 Memo- 
ry Bus Adapter to the MBox. The following discussion is concerned only with SBus operation as it 
relates to MB20 internal memory. Information flow on the SBus is shown in Figure 2-1. Table 2-1 
summarizes the functions of the various signals. 

2.1.1 MBox and Memory Synchronization 

The SBUS CLK INT signal provides a continuous clock train that is used by the MB20 to sequence 
logic and to synchronize its operation with the MBox. The negative-going edge corresponds to the 
phase A clock in the MBox and the positive-going edge corresponds to phase B. To maintain synchro- 
nization with the MBox, the MB20 uses SBUS CLK INT to generate phase A and B clocks of its own 
and these are deskewed to coincide exactly with the corresponding MBox clock. Adjustable delay lines 
are provided in the controller for this purpose. The deskew procedure is detailed on drawing D-BS- 
MB20-0-INS of the Field Maintenance print set. 

NOTE 
The MB20 must be deskewed during installation and 
following the replacement of the M8565 Timing 
module in a controller. Deskewing is also necessary 
following the replacement of an SBus cable or an 
M8519 SBus Translator module in the KL10 CPU. 

With the clocks synchronized in the MBox and MB20, and with control bus propagation delays less 
than the period between clocks, SBus control signals generated on one end of the bus by a particular 
clock phase can be received at the other end of the bus on the next clock of the same phase without the 
need for synchronizing logic. For example, SBUS ERROR is transmitted in the controller on phase A 
*" d !?£? bed m the MBox one -clock period later, also on phase A. Other control signals, such as 
START, are also linked to a particular phase. With no time lost in synchronizing the bus signals to 
internal logic, memory access times are held to a minimum. 

To further speed SBus operation, two START lines are provided on the bus to allow the MBox to 
begin an operation on either phase. START A is generated and received on phase A; START B is 
linked to phase B. Similarly, two ACKN lines (A and B) and two DATA VALID lines (A and B) are 
employed on the bus to speed operation by shortening controller response time. 
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Figure 2-1 MU20 Funclional Block Diagram 
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Table 2-1 SBus Signal Summary 



Signal 



ADR 14-33 
ADR 34, 35 

ADR PAR 

RQO-3 

RDRQ 



Direction 



MBox to MB20 
MBox to MB20 

MBox to MB20 

MBox to MB20 

MBox to MB20 



WRRQ 


MBox to MB20 


START A/B 


MBox to MB20 


DIAG 


MBox to MB20 


DOO-35 


Bidirectional 


DATA PAR 


Bidirectional 


ACKN A/B 


MB20 to MBox 


DATA VALID A/B 


Bidirectional 


ADR PAR ERR 


MB20toMBox 


ERROR 


MB20toMBox 


CLKINT 


MBox to MB20 


MEM RESET 


MBox to MB20 


CROBAR 


MBox to MB20 



Function 



Quad-word address. 

Starting address. Specifies the first word in the 
quad-word to be accessed. 

Parity bit (odd) for ADR 14-35, RD RQ, WR RQ, 
and RQ 0-3. 

Word requests. Specify the words in the quad- word 
to be accessed. 

Specifies that a read operation is to be performed. 
Specifies a read-modify-write operation if WR RQ 
« 1. 

Specifies that a write operation is to be performed. 
Specifies a read-modify-write operation if RD RQ 
* 1. 

Causes execution of the operation specified by RD 
RQ and WR RQ. 

Causes execution of a diagnostic cycle. 

Transfer write data and diagnostic cycle control 
information to MB20. Transfer read data and diag- 
nostic cycle status information from MB20. 

Data parity bit (odd) for DOO-35 during transfer of 
read and write data. 

Address acknowledge. 

Data strobe - Indicates read or write data asserted 
on DOO-35. 

Indicates an address parity error has been detected. 

Indicates an incomplete request error has been 
detected. 

SBus clock for internal memory. 

Clears MB20 to initial state. 

Clears MB20 to initial state during system power- 
up and power-down. 
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2.1.2 Diagnostic Cycle 

The SBus diagnostic cycle is provided so that the programmer can load control information in a 
memory controller, and in the same operation, read back status from the same controller. The BLKO 
PI instruction fetches the control information from the effective address (E) in memory, transfers the 
control information from the EBox to the MBox, and signals the MBox to execute an SBus diagnostic 
cycle. The 36 bits of control information are then transferred over the SBus to the controller (TO 
MEMORY) during the first half of the diagnostic cycle and 36 bits of status information are returned 
to the MBox (FROM MEMORY) during the second half of the cycle. When the MBox raises a 
response signal, the EBox collects the status information and transfers the information to memory 
(E+l) ending the BLKO PL A timing diagram for the diagnostic cycle is shown in Figure 2-2. The 
cycle always starts on the clock derived from phase A of SBUS CLK INT and has a duration of four 
phase A clock intervals. 
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Figure 2-2 SBus Diagnostic Cycle Timing 



In the TO MEMORY portion of the cycle, the MBox raises SBUS DIAG and asserts a controller 
address on data lines D00-04, a function code on data lines D31-35, and control bits on data lines 
D05-30. The function code, either or 1, specifies the type of control information to be loaded in the 
addressed controller. This control information is strobed off the data lines on the third phase A clock. 
In the second or FROM MEMORY portion of the cycle, the controller asserts status information on 
data lines DOO-35 and it is collected by the MBox on the fifth phase A clock. The status information 
that is collected, like the control information that is loaded, depends on the function code asserted in 
the first half of the cycle. The controller does not generate a parity bit (SBUS DATA PAR equals zero) 
for the status information and data parity is not checked by the MBox during the diagnostic cycle. 
Figure 2-3 shows the control and status information specified by each function code. The diagnostic 
cycle information is summarized in Table 2-2. 
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FUNCTION 



TO MEMORY 

00 04 


05 


06 07 


08 11 


12 


13 


30 


31 35 


CONT 
ADDRESS 




ILn 


RQ EN 
0-3 






FUNCTION 





CLR ERR 



FROM MEMORY 
00 01 02 03 04 05 06 07 08 



LD EN 



35 



ILn 



INC RQ ADR PAR 
ERR 



FUNCTION 1 



TO MEMORY 
00 04 


05 


11 


12 


13 


14 17 18 21 22 25 


26 


27 30 


31 35 


CONT 
ADDRESS 








MEM ADR | LOWER j UPPER 
ADDRESS BOUNDARIES 




MARGIN 
CONT 


FUNCTION 





FROM MEMORY 
00 03 04 



07 08 



LOOP 



11 12 13 14 



17 18 



21 22 



LDEN 



25 26 



29 30 31 32 



35 





SM's 


MEM ID 






MEM ADR | LOWER | UPPER 
ADDRESS BOUNDARIES 








RQ EN 
0-3 



NOTE: L00P 

Information altered in TO MEMORY portion of cycle will reflect new value when read in 
FROM MEMORY portion of cycle 



MARG SEL'D 



Figure 2-3 MB20 Diagnostic Cycle Data 

2.1.3 Word Selection 

Each memory reference over the SBus is made to a 4- word block in memory called a quad- word. Four 
request lines (RQ 0-3) are provided on the bus so that any or all words in the quad-word (words 0-3) 
can be selected in a single operation. The address of each word differs from the others only in the value 
of the two least significant bits and each RQ line corresponds to one of the four addresses as shown in 
Figure 2-4. 

To make a quad- word reference, the MBox asserts the appropriate RQ line(s) along with SBUS ADR 
14-35. ADR 14-33 (called the quad-word address) is equal to the most significant part of the address 
for all four words. The two least significant address bits for each word are encoded in the RQ lines. 
ADR 34 and 35 hold the starting address and point to the first word in the quad-word to be accessed. 
Word selection is best described by example and Table 2-3 shows ADR and RQ line values for various 
memory references. 

Although one to four words can be selected simultaneously on the SBus, the data lines are only one 
word wide, requiring that words be transferred serially for multi-word requests. ACKN and DATA 
VALID signals are also generated serially. This is because they act as data strobes and must corre- 
spond in time to the changing data. The words are cycled in ascending order, modulo 4, beginning with 
the word specified by the starting address. Word order is shown for the examples given in Table 2-3. 
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Table 2-2 Diagnostic Cycle Data Description 

Function 

TO MEMORY 

Bits 00-04 Controller address - Each MB20 controller has a 

hard-wired address 0-3. MCO and MCI connect to SBus 
00 01 02 03 04 0; MC2 and MC3 to SBus (Figure 1-1). 

MCO 

1 MCI 

10 MC2 

11 MC3 

10 (DMA20 - not an MB20 address) 

Bit 05 Clear error - Clears controller's internal error flags 

INCOMPLETE REQUEST and ADR PAR ERR. 
1 

Bits 06, 07 Set interleave mode - Bits are binary-encoded to set 

interleave mode (Subsection 1.2.6). 
06 07 

(Off-line for DMA20 - not an MB20 operating mode) 

1 No-interleave 

1 o 2-way interleave 
1 i 4-way interleave 

Bits 08-1 1 Set Request Enables - Assigns controller odd-even status 

(Subsection 1.2.6). 
08 09 10 11 

RQ RQ RQ RQ 

EN EN EN EN 

12 3 

Controller off-line 

Controller even (2-way and 4-way interleave modes) 
Controller odd (2-way and 4-way interleave modes) 
Controller odd and even (no-interleave mode) 

Bit 12 Load Enable - Enables loading of bits 6-11. 

1 (Load and read back) 
(Read only) 















1 





1 








1 





1 


1 


1 


1 


1 
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Table 2-2 Diagnostic Cycle Data Description (Cont) 
Function 
TO MEMORY 
Bits 31-35 
31 32 33 34 35 

Function 

Function 
FROM MEMORY 

Bit 02 Incomplete request - Indicates controller active for 10.2 

(is: hung controller (Subsection 1.2.8). 

1 

Bit ° 5 Address parity error - Indicates bad parity detected for 

information on SBUS ADR, RQn, RD RQ, and WR RQ 
1 lines (Subsection 1.2.8). 

Bits 06, 07 Interleave mode - Indicates interleave mode loaded in 

first half of function 0. 

Function 1 

TO MEMORY 

Bits 00-04 Controller address - Refer to Table 2-1 , bits 00-04. 

Bit 1 2 Set loop-around mode - Inhibits read/write currents in 

storage modules. A diagnostic feature for checking data 
1 path, independent of core activity (Subsection 1 .2.9). 

Bits 14-17 Set memory address - Correspond to SBUS ADR 14-17. 

Must match the SBus address lines if a controller is to 
respond to a memory reference (Subsection 1.2.7). 

Bits 1 8-21 Set lower address boundary - Correspond to SBUS ADR 

18-21. Act in conjunction with memory address (bits 
14-17) to specify lower address limit (Subsection 1.2.7). 



MB/2-7 



Table 2-2 Diagnostic Cycle Data Description (Cont) 

Function 1 

TO MEMORY 

Bits 22-25 Set upper address boundary - Correspond to SBUS ADR. 

18-21. Act in conjunction with memory address (bits 
14-17) to specify upper address limit (Subsection 1.2.7). 

Bit 26 Load Enable - Enable loading of bits 14-25. 

1 (Load and read back) 

(Read only) 

Bits 27-30 Set margin control - Turn on margin control as specified 

below. Only one margin should be turned on at any one 
27 28 29 30 time (Subsection 1.2.9). 

No Op 

1 Clear all margins 

o 1 X Current margin X = - Low margin 

l X Strobe margin X = 1 - High margin 

1 X Threshold margin 

Bits 31-35 Function Code 

31 32 33 34 35 

Function 1 

FROM MEMORY 

Storage modules connected - These hard-wired bits 
indicate the number of storage modules connected to a 
controller. 



Bits 04-07 






04 05 


06 


07 


SM SM 
3 2 
X X 


SM 

1 

X 


SM 



X 



X = 1 - SM connected 
X = - SM not connected 
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Table 2-2 Diagnostic Cycle Data Description (Cont) 
Function 1 



Bits 08-11 






08 09 


10 


11 





1 


1 


Bit 12 






1 






Bits 14-25 






Bit 30 






1 






Bits 32-35 






32 33 


34 


35 


RQ RQ 

EN EN 
1 


RQ 

EN 
2 


RQ 

EN 
3 



FROM MEMORY 

Memory ID - These hard-wired bits identify memory type. 

MB20 

Loop-around mode - Indicates controller in loop-around 
mode. 



Address boundaries - Indicates address boundaries 
loaded in first half of function 1 . 

Margins selected - Indicates that current, strobe, or 
threshold margin control is on. 



Request enables - Indicates which RQ ENs are set. Loaded 
in first half of function 0. 



2.1.4 Interleaved Operation 

Both 2- and 4-way interleaving is accomplished in the MB20 by allowing two controllers to operate in 
parallel. In 2- way interleave mode, each controller can select and initiate a core cycle in one SM, 
allowing two core locations to be accessed at once and in one core cycle time. In 4-way interleave 
mode, each controller can cycle two SMs in parallel and up to four core locations can be accessed in 
one core cycle time. One controller handles the even addresses in the quad-word, responding to RQ0 
and RQ2; while the other controller handles the odd addresses, responding to RQ1 and RQ3. RQ EN 
levels in each controller determine the addresses for which it will respond. These are set initially via the 
diagnostic cycle. RQ EN and 2 equal to 1 define the even controller. Setting RQ EN 1 and 3 
establishes a controller as odd. The MB20 has a no-interleave mode where only one controller 
responds to a memory reference and only one SM may be cycled at once. For this mode, just one core 
location is accessed per core cycle. Because a controller must handle both odd and even addresses in 
no-interleave mode, all RQ EN levels (0-3) are set. 
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Figure 2-4 Word Selection 



Table 2-3 Word Selection-Examples 





SBus ADR lines 




SBus RQn 


Word 


Example 


14 33*34*35 




12 3 


Order 


1 word request, address 1 00 8 


— 01 000 





10 





2 word request, address 134** 


— 01 Oil 1 





110 


0,1 


135 










3 word request, address 1 2 1 


01 010 1 





111 


2,3, 1 


122** 










123 










4 word request, address 100 


— 01 000 1 


1 


1111 


3,0,1,2 


101 










102 










103** 











*ADR 34, 35 = Starting address = S 
**First word to be accessed. 
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Figure 2-5 illustrates memory response for all possible combinations of words requested (based on the 
starting address) in each interleave mode. The starting address is designated as "S" and can specify any 
word (0-3) in the quad-word. If S specifies word 1, then S+l corresponds to word 2 and S+2 corre- 
sponds to word 3. Because words are cycled in ascending order, modulo 4, S+3 would specify word 0. 
The controllers that are active for any memory reference (and the addresses each is responding to) are 
indicated in the figure. Response to the starting address is by the odd controller if S is odd and by the 
even controller if S is even. If responding to one address, an active controller initiates one core cycle in 
one SM. If responding to two addresses (4-way interleave mode), an active controller initiates two 
parallel core cycles in two SMs. As can be seen in the figure, minimum total access times occur in 4- 
way interleave mode where two active controllers can respond to four addresses during one core cycle 
interval (four parallel SM core cycles). This is the normal KL10 operating mode. The 2-way interleave 
mode and the no-interleave mode of operation are usually not employed unless required due to a 
system failure. 

If a storage module failure occurs, a system can continue to be operated in 4-way interleave mode but 
with a maximum of only two SMs per controller in the failing controller pair configuration. This 
means that three operative SMs have to be addressed out of the configuration along with the bad SM, 
greatly reducing total storage capacity; 4-way interleaving is maintained, however. Another option is 
to switch operation to 2-way interleave mode, in which case (with a SM failure), three working SMs 
may be operated per controller in the affected controller pair configuration. In this instance, only one 
working SM is addressed out of the system along with the bad one. However, as shown in Figure 2-5, 
total access times for memory references involving two odd or two even addresses increase consid- 
erably in 2-way interleave mode. This is because a controller responds to only one address per core 
cycle time and an odd or even controller that is required to handle two addresses must take two cycles. 
If core capacity is of prime consideration when a SM fails, a controller pair may be switched to no- 
mterleave mode and only the bad SM is addressed out of the system. In this mode, total access times 
are greatest since a core cycle is required for each word requested. (The no-interleave mode must be 
implemented whenever one controller in a pair is not in operation.) Rules regarding controller address- 
ing and SM configuration for each interleave mode are given in Subsection 2.2.4. 

2.1.5 SBus Write Operation 

Timing for the SBus write operation is shown in Figure 2-6. The diagram is specifically for a 4-word 
request in a 4-way interleave mode, but it illustrates the sequence of SBus signals for any write oper- 
ation. Figure 2-6 also shows approximate timing for major signals when a 4- word request is made in 2- 
way and no-interleave modes. 

The MBox begins a write operation by asserting the 22 SBus address lines ADR 14-35. It then places 
the first word to be written in memory on the data lines {SBUS DOO-35 and DATA PAR) and asserts 
SBUS START, SBUS WR RQ, and one or more SBUS RQ 0-3 lines. Address parity is provided on 
the SBus for the 22 address lines and for all request lines which include RQ 0-3, WR RQ, and RD RQ. 
(RD RQ equals ZERO for a write operation.) Because the parity computation includes the request 
levels, the SBUS ADR PAR line is not valid until shortly after the requests are generated and asserted 
on the bus. 

Either one of two START levels may be asserted by the MBox as explained in Subsection 2.1.1. Figure 
2-6 shows START A, coinciding with phase A of the SBUS CLOCK, as initiating MB20 operation. 
The operation is a 4-word request in 4-way interleave mode. When the START A level is received, the 
two addressed controllers on a bus go active on phase A with each controller initiating a core cycle in 
the selected storage modules. Also, the controller enabled to handle the starting address (S) responds 
by generating ACKN on the phase corresponding to the START level received. Both controllers then 
go busy and the controller acknowledging the starting address strobes the first word plus parity off the 
SBus data lines into the data register of the selected SM. 
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NOTE : 

Dummy core cycle is initiated when S,S+2 and S+3 are accessed in 2-way interleave mode. 

LEGEND: 

1. S» Starting address. S can be 00,01,10 or 11 corresponding to words 0,1,2 or 3 in quad-word. Addresses are 

in ascending order, modulo 4. S.S+1, 01,10,11,00,01, 

2. /-—Symbol represents core cycle initiated by a controller. 

J x.V L 

^— Designates address of word (or words) in quad-word accessed during core cycle interval. 
EXAMPLES: 

| S I « One active controller, either odd or even. One word accessed. One SM active. 



J — s — L 

»Two active controllers, odd and even .operating in porrallel. Three words accessed. One SM active 

. on one controller, two SM's on the other. 

_J S + 1,S+3L_ 



Figure 2-5 MB20 Memory Response in 4-Way, 2-Way, and No-Interleave Modes 
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Figure 2-6 SBus Write Timing Diagram (MB20) 
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When the first ACKN is received by the MBox, the second of the four words to be written is asserted 
on the data lines. Because the address (S+ 1) of the next word is odd if the first was even and vice versa, 
the other controller in the pair must access the second word and it responds by generating a second 
ACKN on the SBus. Again the data lines are strobed and again the next word is asserted by the MBox 
when ACKN is received. Since the operation is 4-way interleaved and all four words are collected and 
deposited in core during one core cycle time, ACKN signals for addresses S+2 and S+3 immediately 
follow and the last two words are strobed from the data lines. As for the first two ACKN signals, the 
third and fourth are generated alternately by the controllers since one address is odd and the other 
even. The MBox disconnects, dropping the START level and ending the operation, when the last 
ACKN is received. The controllers remain busy, however, until the core cycle is complete. If the MBox 
directs another reference to a controller or controller pair for which a busy condition exists, the 
START level is ignored until the previous operation ends. 

If the 4-word reference described above had been directed to controllers operating in 2-way or no- 
interleave mode, two or four successive core cycles would be required. As a result, relative timing 
between ACKN signals (and the resulting bus action) would be different as shown in the upper-right 
portion of Figure 2-6. The basic sequence of bus signals remains the same in any mode, however, with 
addresses acknowledged and words written in core in the order S, S+l, S+2, and S+3. 

ACKN signals are asserted on the bus for one SBus clock period. The first ACKN generated in any 
mode of operation is always on the starting phase. In an operation requiring successive core cycles (2- 
way and no-interleave modes), the first ACKN in core cycle intervals following the initial one can be 
generated on either phase, no matter what the asserted START level is. Also, in any one core cycle 
interval, the first and third ACKN signals are asserted on one phase and the second and fourth are 
asserted on the other phase. 

2.1.6 SBus Read Operation 

Timing for the SBus read operation is shown in Figure 2-7. The diagram is specifically for a 4- word 
request in 4-way interleave mode, but it illustrates the sequence of SBus signals for any read operation. 
Figure 2-7 also shows approximate timing for major signals when a 4-word request is made in 2-way 
and no-interleave modes. 

The MBox begins a read operation by asserting the SBus address lines ADR 14-35. It then raises either 
START A or B, (Subsection 2.1.1), together with SBUS RD RQ and one or more SBUS RQ 0-3 lines. 
Odd parity is computed by the MBox for the ADR, WR RQ (WR RQ equals ZERO for a read 
operation), RD RQ, and RQ 0-3 lines. The parity line SBUS ADR PAR is valid shortly after the 
START line is asserted. 

Figure 2-7 shows START A initiating the read operation in the MB20. The operation is a 4-word 
request in 4-way interleave mode. When the START A level is received, the addressed controllers start 
on phase A with each initiating a core cycle in the selected SMs. Also, the controller enabled to handle 
the first word acknowledges the starting address by generating ACKN. Both controllers then go busy 
and the addresses of the remaining three words are acknowledged in succession, as described for the 
write operation (Subsection 2.1.5). 

As the four words of data are read from core into the SM data registers, the controllers alternately gate 
the words onto the SBus data lines and generate a DATA VALID signal corresponding to each word. 
As seen in Figure 2-7, words are placed on the bus in the same order as the addresses are acknowledg- 
ed. The MBox uses the DATA VALID signals to strobe the data lines. The SBus operation ends when 
the last word has been collected. As for the SBus write operation, the MBox drops START and negates 
the other bus control lines when the last ACKN is received. The controller pair remains busy until all 
DATA VALID signals have been generated and the core cycles have ended. If another memory refer- 
ence is directed to a controller or controller pair for which a busy condition exists, the START level 
will be ignored until the previously initiated core cycles have ended. 
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Figure 2-7 SBus Read Timing Diagram (MB20) 
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For a 4-word reference, two successive core cycles are required in 2-way interleave mode and four 
successive core cycles are required in 4-way interleave mode. Although the timing between control 
signals differs (Figure 2-7, upper-right), word order and the sequence of bus signals is the same. 

ACKN and DATA VALID signals are asserted on the bus for one SBus clock period. The clock phase 
on which ACKN signals are generated is the same as for the write operation. A DATA VALID signal 
is generated on the same phase as the ACKN signal for the same word. 

2.1.7 SBus Read-Modify-Write Operation (RMW) 

Timing for the SBus read-modify-write operation is shown in Figure 2-8. The MBox begins the oper- 
ation by asserting the SBus address lines ADR 14-35. It then raises either SBUS START A or SBUS 
START B (Subsection 2.1.1) and the request lines SBUS RD RQ, SBUS WR RQ, and one SBUS RQ 
line. Parity is generated by the MBox for the address and request lines and SBUS ADR PAR becomes 
valid shortly after these lines are asserted on the bus. 

Only one core location can be accessed by the RMW operation and only one controller will respond in 
any interleave mode. When START is received by the addressed controller, the controller acknowledg- 
es the SBus address (by generating ACKN on the starting phase) and starts a core cycle in the selected 
SM. The controller then goes busy and data is read from core into the SM data register as in a normal 
read operation. The contents of the data register are then gated onto the SBus data lines. Also, the 
DATA VALID line is asserted to signal the MBox that data is on the bus. The MBox then collects the 
data word, but instead of the normal read continuing in the MB20 (read data restored in core), the core 
cycle pauses and the core write operation is delayed until the MBox modifies the data and sends it over 
the SBus. 

DATA VALID is asserted for the second time in the operation (this time by the MBox) when the 
modified data is placed on the data lines. When DATA VALID is received by the MB20, the contents 
of the data lines are strobed into the SM data register. The core write cycle is then allowed to take place 
and the modified data is deposited in core. The controller remains busy until the end of the core cycle. 
If another memory reference is directed to the active controller, the START level is ignored until the 
core cycle ends. 

ACKN and DATA VALID signals are asserted on the bus for one SBus clock period. The ACKN and 
the first DATA VALID are generated by the MB20 on the starting phase. The second DATA VALID 
can be asserted by the MBox on either phase to end SBus operation. 

2.1.8 Special Data Modes 

If a memory reference is made to an MB20 controller set in loop-around mode (Subsection 1.2.9) or to 
a controller that has detected an address parity error (Subsection 1 .2.8), normal SBus dialogue takes 
place but read/write currents are inhibited in the selected SMs. This means that write data is trans- 
ferred normally from the MBox to the SM data registers but it is not written in core. The reason for 
this is to prevent the wrong core location from being overwritten when an address parity error occurs. 
Also, it allows data to be stored in the MB20, independent of core selection and read/ write electronics, 
when in a loop-around mode. 

When an SBus write operation is followed by an SBus read operation in a loop-around mode 
(read/write currents still inhibited), the normal clearing of the SM data registers is prevented at the 
beginning of the core cycle and the data stored during the previous write operation is passed back to 
the MBox in the usual fashion. Because the data is not cycled through core, diagnostic programmers 
can use this mode of operation to isolate failures in the data path. 
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Figure 2-8 SBus RMW Timing Diagram (MB20) 
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When an address parity error has been detected during a read operation and loop-around mode is not 
set, the SM data registers normally clear at the beginning of the core cycle and (with no read/write 
currents) Os are passed back to the MBox. Because the data parity bit is also 0, the MBox detects a data 
parity error for this case. In loop-around mode, an address parity error has no effect. The normal 
clearing of the data registers is inhibited during the read operation and the previously written data is 
returned to the MBox even though an address parity error occurred. 

2.2 MEMORY ADDRESSING 

A discussion of MB20 memory addressing for each interleave mode follows. Quad-word distribution 
and other details are illustrated in Figures 2-9, 2-10, and 2-11. 

2.2.1 Four-Way Interleave Mode 

In 4-way interleave mode (Subsection 2.1.4), the two controllers on either SBus or 1 operate in 
parallel. Either controller in a pair can be designated as even, the other as odd. The even controller 
handles words and 2 in the quad-word and the odd controller handles words I and 3. 

The left-half of Figure 2-9 shows word distribution among the SMs connected to a controller pair in 4- 
way interleave mode. Each word in the quad-word is contained in a different SM, with SMO and SMI 
on both controllers being selected when SBUS ADR 18 - 0. As shown, SMO and SMI on the even 
controller contain words and 2; on the odd controller, they contain words 1 and 3. As addresses 
increase in value and SBUS ADR 18 ■ 1, the same basic word pattern prevails, but words are contain- 
ed in SM2 and SM3. ADR 18 and the RQ lines are hard- wire decoded by the controller to effect this 
word distribution; the decoding is summarized in tabular form in Figure 2-9. Also shown is how -the 
ADR lines are gated to select a specific core location. 

For any one memory reference in 4-way interleave mode, the ADR lines address the same core loca- 
tion in all selected SMs. To select all possible locations, 15 bits of address (ADR 19-33) are used as 
SMs have a 32K word capacity. (ADR 34 and 35 are not part of the core address because they are 
encoded in the RQ Unes and used for SM selection.) In directing the ADR lines from the SBus to the 
address decoders in each SM, the controller gates out the two most significant bits of SBus core 
address in place of ADR 34 and 35. Thus, ADR 19 and 20 become the two least significant bits of 
actual core address as seen by the SMs. All other SBus address bits are gated to the corresponding 
decoder inputs in the SMs. 

If a memory reference is made with all SBus core address bits equal to 0, location will be accessed in 
all selected SMs. If the MBox then references consecutive quad-words from this point in 4-way inter- 
leave mode, the core addresses gated to the SMs increase in value but have the same two least signifi- 
cant bits (00). This is because of the bit swapping described in the preceding paragraphs. Thus, every 
fourth location is selected in an SM. As the SBus address increments, all locations ending in 00 are 
selected, then all locations ending in 01, then 10, and finally 11, after which all SM locations have been 
selected. 

Figure 2-9 shows an example of how address boundary registers could be set in the controllers when in 
4-way interleave mode. As required, both controllers in a pair have the same boundary settings. The 
upper and lower limits are those for a fully configured system with four SMs per controller. 

With eight SMs operating on a bus, it has been shown that only one set of four SMs are referenced in 
any one SBus operation in 4-way interleave mode. These are either SMO and SM 1 or SM2 and SM3 on 
both controllers. Consequently, if an SM fails, one of the two sets of four SMs may continue to be 
operated if the address boundary registers are changed so that only the operational set is selected. A 
disadvantage to this procedure is that three operating SMs are addressed out of the system along with 
the bad one. This greatly reduces system memory capacity but 4-way interleaving is maintained. As an 
example of the above, refer to Figure 2-9 and assume SM3 failed on one of the controllers on SBus 1. 
This precludes the use of SM2 and SM3 on both controllers and they are deselected by changing the 
upper address boundary registers from 0111 to 01 1 1. The address space of the controller pair is now 
defined so that it will respond to addresses for which SBUS ADR 18 always equals and only SMO 
and SMI will be selected. 
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Figure 2-9 Memory Selection, 4-Way Interleave Mode 



2.2.2 Two-Way Interleave Mode 

In 2- way interleave mode (as in 4-way), two controllers on either SBus or 1 operate in parallel and 
one controller on a bus is designated as even, the other as odd. Quad-word distribution within the SMs 
differs, however. As shown in Figure 2-10, the four words are distributed among two SMs, not four. 
Core locations for words and 2 are selected from an SM on the even controller and the locations for 
words 1 and 3 are selected from the corresponding SM on the odd controller. The particular SMs 
selected depends on the values of SBUS ADR 18 and 19. For example, the quad-word is selected from 
SMO on each controller when these address bits equal 00. SM 1, SM2, and SM3 are selected in a similar 
fashion when the address bits equal 01, 10, and 11. How a controller decodes the RQ and ADR lines to 
select an SM is shown in Figure 2-10. Also shown is the gating of the ADR lines to select core 
locations. 

As for 4-way interleave mode, the most significant bits of core address gated by the controller to the 
SMs are ADR 21-33. ADR 35 is not gated directly as part of the SM core address since its value is 
implicit in RQ0 and RQ2 (35=0) or RQ1 and RQ3 (35= 1) and these levels are hard-wire decoded by 
the controller in SM selection. Instead, ADR 20 is gated (in place of ADR 35) to provide the least 
significant bit of core address. The core address bit corresponding to ADR 34 is generated by the 
controller as follows. 

Two different core locations must be selected in the same SM in 2-way interleave mode and (to select 
one of them) the address bit corresponding to ADR 34 is set equal to ADR 34 when a controller is 
selecting the starting address (S); it is set equal to the updated value of ADR 34 (updated by controller 
logic - Subsection 2.3.6) when selecting the updated or modified starting address (S 1 ). The modified 
starting address is the first address accessed in the second core cycle interval. To generate the address 
bit when a controller is selecting a word address other than S or S\ ADR 34 cannot be used directly. 
Instead, the address bit has to be calculated depending on which SM locations (two possible) have 
been requested, and if both, which is to be addressed in the current core cycle. The calculation is based 
on the stored word requests (RQn, n = 0-3). 

The core address generated for words and 1 is the same in both storage modules. This is also true for 
words 2 and 3. Also, if words and 1 have address X, then words 2 and 3 have address X + 2. If 
successive quad-words are accessed starting with an SBus core address equal to 0, locations (words 
and 1) and 2 (words 2 and 3) in the selected SMs are addressed first, then locations 4 and 6, followed by 
increasing even addresses for each quad-word until all even locations in the first set of SMs have been 
selected. At this point, the most significant bit of SBus core address increments to 1. Because of the 
bit swapping described previously, odd-numbered locations are now selected in the same set of SMs 
starting with locations I (words and 1), and 3 (words 2 and 3). Successive quad-word references then 
address all the odd-numbered locations. With every SM location having been selected, the addressing 
sequence repeats as the incrementing SBus address selects locations and 2 in another set of SMs. 

Figure 2-10 shows how address boundary registers are set up in 2-way interleave mode. Note that in 
the example given, the settings are identical to those for the same configuration in 4-way interleave 
mode (Figure 2-9). Any valid 4-way interleaved configuration may be operated in 2-way interleave 
mode without having to change the address boundaries. 

It has been shown that the SBus address in 2-way interleave mode selects the quad- word from corre- 
sponding SMs on the interleaved controllers. This should be kept in mind when a system is reconfi- 
gured to operate in 2-way interleave mode after an SM failure takes place. As an example of this, 
consider a fully configured system operating in 4-way interleave mode and assume SM3 fails on one 
controller on SBus 0. The bad SM must be deselected by changing the address boundaries for the 
controllers on SBus 0. If the upper limit was 1 1 1 1, as in Figures 2-8 and 2-9, it would be changed to 
101 1. This defines an address space whereby ADR 18 and 19 cannot have a value of 1 1 (only 00, 01, 
and 10) and the inoperative storage module (SM3) can never be selected. However, due to 2-way 
interleave mode addressing, this also deselects SM3 on the other controller and an operative SM is 
addressed out of the system, further reducing storage capacity. If capacity is a major factor, switching 
to 2-way interleave mode is still a better alternative to remaining in 4-way interleave mode after an SM 
failure. This requires deselecting three operative SMs as explained in Subsection 2.2.1. 
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Figure 2-10 Memory Selection, 2-Way Interleave Mode 



2.2.3 No-Interleave Mode 

In no-interleave mode, only one controller in a system is selected by an SBus address. Furthermore, the 
quad- word is contained in only one SM on a controller with words being distributed as shown in 
Figure 2-11. The SM selected depends on SBus address lines ADR 19 and 20. The binary value of the 
address bits corresponds to the SM selected; that is, 00 picks SMO, 01 picks SMI, etc. 

As for any interleave mode, ADR 21-33 are gated directly to the corresponding SM address decoder 
inputs to provide all but the two least significant bits of core address. The two least significant bits are 
equal to ADR 34 and 35 for the first core cycle, when the controller is accessing the starting address, 
and are equal to the updated values of ADR 34 and 35, the modified starting address (Subsection 
2.3.6), for core cycles following the first. The address bits are modified for each core cycle depending 
on the stored word requests (RQn). 

A quad-word occupies four consecutive SM core locations in no-interleave mode. If consecutive quad- 
words are referenced starting with an SBus core address of 0s, locations 0-3 in the selected SM are 
addressed first, followed by locations 4-7, with the core addresses increasing in value as the SBus 
address increases in value. When all locations in one SM have been addressed, another SM is selected 
by the incrementing SBus address and the sequence repeats starting at locations 0-3. 

Figure 2-1 1 shows typical address boundary register settings for a fully configured system. Unlike 4- 
way and 2-way interleave modes of operation, no-interleave mode requires that each controller (not a 
pair) be assigned an exclusive portion of the available address space. 

If an SM fails, operation may continue in (or be switched to) no-interleave mode without operative 
SMs being addressed out of the system when the bad SM is deselected. This is because words in a 
quad-word are not selected from two or four SMs as in interleaved operation. To show how the 
address boundary registers are changed to deselect an SM in no-interleave mode, refer to Figure 2-1 1 
and assume that SM2 fails on controller 0. Since ADR 19 and 20 effect SM selection, the boundaries 
are changed so that these address bits cannot have a value of 10 (selects SM2) and still be within the 
address space assigned to controller 0. Changing the limits from "0000 and 01 11" to "01 10 and 101 1" 
accomplishes this. It can be seen, however, that the new boundaries for controller infringe on the 
address space assigned previously to controller 1. Consequently, for this particular reconfiguration, 
the boundaries in controller 1 (and controllers 2 and 3) must also be changed. 

2.2.4 Rules for Memory System Configuration 

The following rules apply to MB20 addressing and system configuration: 

1. An interleaved controller pair must be connected to the same SBus, either or 1. 

2. Parallel operation in 4-way and 2-way interleave modes requires that two controllers be 
included in the same block of assigned address space (address boundary registers set to the 
same values). In no-interleave mode, each controller is assigned an exclusive portion of the 
available address space. 

3. Storage modules must occupy contiguous blocks of core within the controller's assigned 
address space. 

4. Each controller in an interleaved pair must have the same number of storage modules. In 4- 
way interleave mode, both must have either SMO and SMI, SM2 and SM3, or SM0-3. In 2- 
way interleave mode, both must have corresponding storage modules; SMO on both, SM 1 
on both, etc. A controller can have any number of storage modules (1-4) in no-interleave 
mode. 
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Figure 2-1 1 Memory Selection, No-Interleave Mode 



2.3 BASIC CONTROLLER OPERATION 

The MB20 controller consists of a control module and a timing module. A description of basic oper- 
ation follows, with emphasis on sequence of operation during a memory reference. Major control and 
timing signals are discussed and basic logic flow is shown in Figure 2-12. A more detailed description 
of the controller is given in Section 3. 

2.3.1 Start-Up 

SBUS START is generated in the MBox coincident with one phase of SBUS CLK. A controller will 
start on the next clock of the same phase provided all of the following conditions are true. Otherwise, 
the START level is ignored. 

1. The SBus address lines must have a value within the limits defined by the controller's 
address boundary registers. This condition is termed ADR MATCH in Figure 2-12. 

2. The controller must be enabled to access the words requested. The logic level RQ EN will be 
asserted if one or more word requests are enabled. 

3. The controller must not be busy from a previous memory reference. Also, the other con- 
troller on the same SBus must not be busy if the operation is interleaved (both odd and even 
word requests). 

The first two conditions for start-up are discussed in Subsection 1.2.7. The busy condition, dia- 
grammed in Figure 2-12, allows a memory reference directed to one inactive controller to start even 
though the other controller on the bus is still busy from the previous reference. This increases word 
transfer rates over the SBus when successive operations reference first one controller and then the 
other. An example of this is an operation requesting word 1 in the quad-word followed by an operation 
requesting word 0. The even controller is allowed to start while the odd controller is still busy with the 
request for word 1 . 

The busy condition also specifies that if both controllers are to be active in the same memory reference 
(odd and even word requests in 4-way and 2-way interleave modes), both controllers must be inactive 
before the operation can begin. In other words, a controller pair must start together in an interleaved 
operation. This is necessary because controllers are synchronized when operating in parallel with 
address counters and other logic stepping together as described in Subsection 2.3.2. 

With reference to the flow diagram (Figure 2-12), the following occurs when a controller is started. 

1. A core cycle is initiated in the SMs selected by the ADR and RQ lines. (Memory addressing 
is discussed in Subsection 2.2.) The core cycle is controlled by a succession of control and 
timing signals generated by the controller's timing module. The signals for the core read 
cycle are generated first. If an address parity error occurs or if loop-around mode is set, the 
timing logic sequences but timing signals are not gated to the selected SMs. This is to inhibit 
SM read/ write currents for the reasons given in Subsection 2.1.8. Read/write currents are 
also inhibited for a special case occurring in 2-way interleave mode when three words are 
requested having addresses S, S + 2, S + 3. The reason for this is that address S + 3 must be 
accessed during the second core cycle interval (Figure 2-5), but the controller handling this 
one address must start and step with the other controller during the first core cycle to 
maintain synchronization during the interleaved operation. To maintain synchronization, it 
inhibits read/write currents and steps through a dummy cycle while the ether controller 
handles address S. 
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2. The starting address is acknowledged if the controller is enabled to access the first word. 
Generation of ACKN is discussed in Subsection 2.3.2. 

3. Flip-flops are set to define the controller as busy (CONT BUSY), to indicate a core cycle is 
active (BUSY), and to allow generation of ACKN signals (ENABLE). A control flip-flop 
(ADR LATCH) is also set to latch the address and request latch circuits. The latch circuits 
store the SBus address, the word requests* and the read/write requests. 

2.3.2 Address Acknowledge 

Logic flow for the generation of ACKN is shown in Figure 2-12. When a controller is started, the 
starting address held in the two low order address latches is loaded in an address counter. The starting 
address is also compared with the previously set RQ EN levels and ACKN is immediately transmitted 
on the SBus if the address is enabled. If not enabled, the operation must be interleaved and the address 
will be enabled in the other controller on the bus. In either case, the starting address is acknowledged 
by one of the controllers. 

When SBUS ACKN is generated, it is received by both controllers on the bus as well as the MBox. An 
active controller uses the signal to advance the address counter to the address of the next word to be 
accessed depending on the stored word requests. The counter logic increments the address in ascending 
order, modulo 4, and determines the order in which the words requested at the beginning of the 
operation are accessed. With two controllers active in an interleaved operation, both address counters 
increment together and step through the same addresses as each ACKN is transmitted. 

As occurred for the starting address, the incremented address is compared with the RQ EN levels and 
ACKN is generated for each enabled address. ACKN is transmitted and the address counter advances 
until the control logic determines that all addresses have been acknowledged for the current core cycle 
interval. The ENABLE flip-flop is cleared at this time preventing ACKN from being generated. This 
causes the counter to stop incrementing and the ACKN control logic ceases to cycle. With reference to 
Figure 2-5, it can be seen that the address counters in both controllers would increment four times 
during the one core cycle interval when four addresses are requested and acknowledged in 4-way 
interleave mode. In contrast, a one-word request results in only the starting address being acknowledg- 
ed and the counter advancing just one time during the core cycle. At the end of a core cycle, the address 
counter is left pointing to the next address to be accessed if another core cycle is to follow. 

Four controller flip-flops (DONE 0-3, corresponding to words 0-3) are used to keep track of which 
words have been acknowledged during an operation. The flip-flops are used at the end of a core cycle 
to clear the latch circuits that store the corresponding word requests. The controller will terminate if all 
enabled word requests are cleared at this time. If not, the controller restarts and another core cycle 
takes place. Termination and restart are discussed in Subsection 2.3.6. 

233 SBus Write 

As each address is acknowledged during an SBus write operation, a data strobe signal is generated by 
the control module and directed to the selected SM. The signal gates the word to be written off the 
SBus data lines and into the SM data register. There are four data strobes, Bn CLK (n = 0-3), one for 
each storage module (SM 0-3). 

When all addresses have been acknowledged and ENABLE goes to 0, SBus dialogue has ended for the 
write operation (for the current core cycle) and the controller sets BUS DONE. Because all data 
words have been strobed into SM data registers, BUS DONE is allowed to assert WRITE EN. This 
signal is directed to the timing module to cause the timing signals necessary for the write portion of the 
core cycle to take place provided the read portion has ended. The read timing signals are initiated at 
start-up (Subsection 2.3.2). When the write timing signals have been generated to end the core cycle, 
the timing module busy signal goes false which sets END WR in the control module. The controller 
will then terminate or start another core cycle as explained in Subsection 2.3.6. 
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2.3.4 SBus Read 

Delay logic is activated as each address is acknowledged during an SBus read operation. After the 
fixed delay, during which time the data word is read from core into the selected SM data register, a 
read data enable signal is generated by the control module to gate the data register contents onto the 
SBus data lines. Also, a DATA VALID is generated at the same time to signal the MBox that data is 
on the lines. There are four read data enable signals, Bn DO EN (n = 0-3), one corresponding to each 
storage module (SM 0-3). 

Because data is restored in core for the SBus read operation, WRITE EN is set at the beginning of the 
operation when timing for the read portion of the core cycle is started. With no new data to be written 
in core, this allows core write cycle timing to immediately follow core read cycle timing. The data just 
read is then written back in the selected core location. 

BUS DONE is set after all addresses have been acknowledged for the current core cycle (ENABLE 
cleared) and just prior to transmission of the last DATA VALID on the SBus. With SBus dialogue 
-near completion, the END WR flip-flop then sets (when the core write cycle ends or if it has already 
fended) and the controller terminates or restarts as discussed in Subsection 2.3.6. 

2.3.5 SBus Read-Modify- Write (RMW) 

Only one word is requested in an SBus RMW operation. Operation is similar to the SBus read oper- 
ation in that a read data enable signal and a DATA VALID signal are generated after a fixed delay 
when the word address is acknowledged. WRITE EN is not set at start-up, however, and BUS DONE 
is not set when the first DATA VALID is generated. This is because core write cycle timing cannot be 
enabled and SBus dialogue cannot be flagged as having ended until the MBox modifies the data word 
read from core and transmits a second DATA VALID signal signaling that the modified data is on the 
data lines. When this occurs, BUS DONE sets and asserts WRITE EN. One of the four write data 
strobes, Bn CLK (n = 0-3), is also generated to load the data word in the selected SM's data register. 
When write core cycle timing signals have ended, END WR is set and the controller terminates as 
described in Subsection 2.3.6. 

2.3.6 Termination And Restart 

As discussed previously, the END WR flip-flop sets when the SM core cycle and associated SBus 
dialogue have ended. END WR clears the two least significant bits of stored SBus address, ADR 
LATCH 34 and 35. It also clears one or more of the stored word requests in latch circuits RQ 0-3, 
depending on which words were accessed during the core cycle interval. It does this by gating the four 
flip-flop outputs DONE 0-3 (one of which is set as each address is acknowledged during the core cycle 
- Subsection 2.3.2) directly to the latch circuits. An asserted DONE flip-flop clears the corresponding 
latch. 

If all the stored word requests enabled by the controller are cleared when END WR sets, all words 
have been accessed and the controller can terminate. If enabled word requests are still held in the 
latches, more words are to be accessed and another core cycle must be started. The state of RQ EN 
determines which of the above conditions are true. RQ EN is asserted and required at start-up (Sub- 
section 2.3.1) when the word requests are first loaded in the latches and compared to the preset enable 
levels. It remains asserted after the latches are cleared at the end of a core cycle, as long as one stored 
word request compares with the corresponding enable level. As a result, it will equal 1 when more 
words are to be accessed and it will go to at the end of the last core cycle. The number of core cycles 
required for a memory reference range from one (1-word request) to four (4-word request in no- 
interleave mode). 

With END WR asserted at the end of a core cycle, STATE CLEAR goes true clearing BUS DONE 
and BUSY. If RQ EN equals ONE, indicating another core cycle is to follow, STATE CLEAR also 
gates the contents of the address counter into ADR LATCH 34 and 35. The address counter holds the 
address of the next word to be accessed. NEXT is then asserted and the controller will restart, provided 
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the other controller on the bus is not busy. If the other controller is busy, restart is delayed until it goes 
inactive or until it also generates a NEXT signal. This ensures that both controllers will restart togeth- 
er if both are initiating another core cycle. 

If RQ EN equals when BUSY clears at the end of the core cycle, the controller terminates by first 
unlatching all address and request latch circuits and then by clearing CONT BUSY. It is now ready to 
respond to another MBox memory reference provided the conditions for start-up are met (Subsection 
2.3.1). 

2.3.7 Core Cycle Timing 

SM timing and control signals generated by the timing module are listed below. As shown in Figure 2- 
12, core read cycle timing is initiated at start-up and core write cycle timing starts when enabled by the 
controller and the core read cycle timing has ended. 
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Activates core read select circuits and turns on Y 
read select current. 
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direct-set in register when read from core. 
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from core will be loaded in data register. 
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Y select current. 

Turns on X read select currents. Trailing edge 
deactivates read select circuits. 

Trailing edge ends sense amplifier strobe signal 
during core read. 

Core write select circuits activated during duration 
of this signal. 

Complement of WRITE EARLY. Enables stack 
charge circuit which reverse-biases unselected 
diodes in select matrix. 

Turns on inhibit currents. 

Turns on X and Y write select currents. 



2.4 BASIC STORAGE MODULE OPERATION 

An MB20 Storage module is divided into two sections, each section providing 32K 19-bit words of 
core memory. Only 18 bits of storage are utilized in one section, the full 19 bits in the other. The first 
section stores bits 00-17 of the data word and the second section stores bits 18-35 plus the parity bit. 
The two sections together form an SM capable of storing 32K 37-bit words. Each section consists of 
three modules (total of six for SM). These include a stack module, an X-Y driver module, and a 
sense/inhibit module. 
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The SM core cycle consists of a core read operation followed by a core write operation. The core cycle 
is sequenced by the succession of control and timing signals generated by the timing module. A 
description of basic SM organization and operation follows. Sequence of operation is shown in Figure 
2-19. A more detailed description of the storage module is given in Section 3. 

2.4.1 Core Array 

Each SM section contains a ferrite core memory consisting of 19 memory mats arranged in a planar 
configuration with each mat containing 32,768 ferrite cores arranged in a 256 X 128 array. A mat 
represents a single bit position in the data word and the planar configuration provides a total of 32,768 
19-bit word locations. Each ferrite core can assume a stable magnetic state corresponding to either a 
binary 1 or 0. Even if power is removed from an SM, the core elements retain their magnetic state until 
changed by a memory reference after power is restored. 

Each core is threaded by three wires to provide a means for core selection and switching. The three 
wires include two select lines (X and Y) and a sense/inhibit line. Figure 2-13 illustrates typical wiring 
for a small portion of one core mat. The X select lines pass through all cores in each horizontal row 
and Y select lines thread all cores in each vertical row. There are as many X and Y select lines as there 
are horizontal and vertical rows on a mat. Thus, in the 256 X 128 core array for the MB20, there are 
256 X lines and 128 Y lines. 

Each select line passes through all core mats in the memory. This is illustrated in Figure 2-14 for a 
smaller 16-word X 4-bit planar memory. Note that each of the X and Y lines pass through correspond- 
ing cores on all four mats. Wiring is similar for the MB20 where 19 mats are threaded by the X-Y lines. 

The sense/inhibit lines are wound in parallel with the Y select lines (Figure 2-13). There are two lines 
per mat (bit position) with each threading half of the cores. The function of the sense/inhibit line and 
the select lines are discussed in Subsections 2.4.2 and 2.4.3. 

2.4.2 Basic Core Write 

As described in Subsection 2.4.1, X and Y select lines thread each ferrite core. A core will change its 
magnetic state if the resultant magnetic field caused by the currents through these lines is sufficient. 
This is illustrated in Figure 2-15 which shows a typical hysteresis loop for a ferrite core. The effect of 
select line current is as follows. 

Assuming a core is initially in the state, normal write current applied in either the X or Y select line 
causes a flux change in the core corresponding to a move from point to point 1 on the hysteresis loop. 
The core remains in this state as long as the drive current continues to flow. The core returns to the 
state where drive current ends. This is because the current in one select line is not great enough to 
change the core's magnetic state. The current in either an X or Y line is called a half-select current. 

When X and Y lines are both driven, the reinforcing magnetic field caused by the coincident half-select 
write currents causes a flux change in the core corresponding to a move from the state to point 2 on 
the loop. For this case, the direction of flux changes in the core, and when drive current ends, the core 
moves from point 2 to point 3 but remains in the 1 state. It is this action that allows the X-Y wiring 
arrangement to select a core location. One X and one Y line are driven during a memory reference and 
the coincident currents select one core on each mat. There are a total of 37 mats used in the SM and the 
37 cores selected by the driven X and Y lines comprise the core location. Another combination of X 
and Y lines would select another 37 cores or another core location. 
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Figure 2-15 Hysteresis Loop and Read Outputs for a Ferrite Core 
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The operation described above causes a 1 to be written in a core. To write a in a selected core, the 
sense/inhibit line (not driven when writing a 1) is driven in the opposite direction to the current in the 
select lines. The sense/inhibit line is wound in parallel with the Y line and the inhibit current cancels 
out the effect of the Y half-select current. This causes the same action as that previously described 
when only one select line is driven and the core does not change state. Assuming the core is initially in 
the state at the beginning of the core write operation, it remains in the state when drive currents end 
and a is written in core. (The selected cores are initially in the state as a result of the core read 
operation, which precedes the core write during the SM core cycle.) To summarize the core write 
operation: 

1. Cores are initially in the state. 

2. Cores corresponding to bit positions in the word equaling are inhibited and cores corre- 
sponding to bits equaling 1 are not inhibited. 

3. X-Y currents select a core on each mat and Is are written as the coincident currents cause 
the uninhibited cores to switch state. The inhibited cores remain in the state. 

2.4.3 Basic Core Read 

Reading of a core in the 1 state is accomplished by passing full select current through the X and Y lines 
and then sensing the voltage induced in the sense/inhibit line (not driven during the read) as the core 
moves to the state. Select currents are generated as in the core write operation but they are in the 
opposite direction. 

With reference to Figure 2-15, a half-select read current causes a flux change in a core corresponding to 
a move along the hysteresis loop from point 3 to point 4. The small flux change induces a correspond- 
ingly small voltage in the sense/inhibit line. Upon removal of the half-select current, the core returns 
to the 1 state. 

When a core is selected, the coincident X and Y select currents cause the core to switch states and move 
from the 1 state, through point 5, to point 6. A large voltage is induced in the sense/inhibit line in the 
region of point 5. (This is the area of maximum flux change.) When drive currents end, the core moves 
to point and remains in the state. This is a read-destroy operation, where the 1 content of the core 
has been sensed (read) and the core is left containing a 0. When reading, the output from the 
sense/inhibit winding is strobed at the point where the 1 output peaks. 

If a core is originally in the state and half-select current is applied, the core moves to point 7 and 
returns to the state when the current is removed, If full-select current is applied for a time, the core 
moves to point 6 and returns to the state. Both of these flux changes cause voltages to be induced in 
the sense/inhibit line but the voltages are small (2-3 mV) compared to the 1 output (40 mV). The 
difference in amplitude between the 1 and outputs from a selected core provides the method for 
recovering data stored in core memory. 

Although the ratio of 1 to outputs for a single core is large, a problem arises during the core read 
operation, stemming from the fact that a sense/inhibit line passes through half the cores on the mat 
and a number of these cores (those threaded by the driven X and Y lines) are subjected to half-select 
currents. To prevent the cumulative effect of the small voltages induced by each core from masking the 
1 output, the sense/inhibit line is wound through half of the cores that it threads in one direction and 
through the remaining half in the opposite direction. The method of winding (bow tie) is shown in 
Figure 2-14. It causes the half-select outputs from half of the cores to oppose and cancel the outputs 
from the other half. However, due to the differences in half-select outputs (some of the driven cores 
can be in the state, others in the 1 state) and due to small differences in core characteristics, unwanted 
outputs never completely cancel and the resulting sense/inhibit line voltage, termed delta noise, can 
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approach a value of 20 mV. (The relative magnitude of and 1 outputs is shown in Figure 2-15.) Delta 
noise comprises the output and adds or subtracts from the 1 output. The sense/inhibit line output is 
strobed at or near its peak when delta noise has subsided and the ratio of 1 to output amplitudes is 
greatest. The core read can be summarized as follows: 

1. X-Y currents select a core on each mat. 

2. Cores in the 1 state switch to the state when selected and those already in the state do not 
change state. 

3. A 1 is read by sensing the large voltage induced in the sense/inhibit line for each mat when a 
selected core switches. Minimal voltage is induced when a core containing a is selected. 

4. All selected cores are left in the state as a result of the read operation. 

2.4.4 X-Y Selection 

Figure 2-16 shows the basic X-Y select circuitry for one 19-bit section of an MB20 storage module. The 
1 5 bits of core address are decoded (as shown) to select circuits in a driver/switch matrix so that one X 
line and one Y line are driven in the core array. When the timing and control signals from the con- 
troller enable the selected drivers and switches (and their current sources) current is switched through 
one of the 256 X lines and one of the 128 Y lines. The current path is through the current source (not 
shown in Figure 3-8) the selected driver, a stack diode, the X or Y line, and the selected switch. When 
the lines are driven, the coincident current at the intersection of the X and Y lines selects one of the 
32,768 (256 X 128) cores on a mat. This set of 19 cores (one on each mat) corresponds to the 19-bit 
word being addressed in the stack. 
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Figure 2-16 SM Word Select Circuits, Basic Block Diagram 
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The selected X-Y lines are switched twice during an SM core cycle. The first time, data is read from the 
selected stack address (Subsection 2.4.3). The same X-Y lines are then driven again, but in the opposite 
direction, to write data in the selected stack address (Subsection 2.4.2). 

Figure 2-17 shows a portion of the X line selection matrix. Note that drivers and switches are differen- 
tiated by function, either read or write, and by polarity, either positive or negative. Read switches and 
write drivers are connected to current sources and are considered positive. Write switches and read 
drivers connect to ground and are considered negative. During a core cycle, the core address decoders 
select one of the R/W driver pairs and one of the R/W switch pairs in the X selection matrix. For the 
read operation (the first part of a core cycle) one X read switch and one X read driver are enabled to 
provide a current path from the X read current source through the switch, one of the X lines, a stack 
diode, and the driver to ground. A Y read switch and Y read driver are also selected in the Y selection 
matrix, providing a current path through one of the Y lines. When the selected drivers and switches are 
enabled, half-select currents flow in both the X and Y lines to select a core location. When switch, 
driver, and stack diode are conducting current, potentials are such that the remaining stack diodes in 
the selection matrix are reverse-biased. This isolates the active current path from the rest of the select 
circuitry and stack wiring. 
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Figure 2-17 X-Line Selection 
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For the core write operation (the second part of an SM core cycle), the write drivers and the write 
switches are enabled in the selected driver/switch pairs. As for the read operation, a half-select current 
flows in the same X-Y lines but the current is in the opposite direction. (During the write, the current 
source output is gated through the driver and grounded at the switch.) Again the stack diodes isolate 
the active circuitry from the rest of the memory. The X-Y select circuits are discussed in more detail in 
Section 3. 

2.4.5 Data Buffering and Sense/Inhibit Functions 

The data register and associated sense/inhibit circuitry perform the following functions: 

1. Sense amplifiers sense and strobe the read outputs on the sense/inhibit lines. 

2. The data register stores the read data so that it may be transmitted to the MBox (SBus read 
or RMW) and restored in core (SBus read) during the core write cycle. The data register also 
accepts and stores new data from the MBox (SBus write or RMW) so that it can be depos- 
ited in core during the core write cycle. 

3. Inhibit drivers drive the sense/inhibit lines to cause Os in the new or restored data to be 
written in core. 

Components in the read/ write data path for a typical data bit (Dl 1) are shown in Figure 2-18. Note 
that with two sense windings per mat with each threading half the cores, the data path is split; that is, 
two sense amplifiers and two inhibit drivers are associated with one data bit. The one sense amplifier 
selected (by SENSE STROBE or 1) and the one inhibit driver selected (by INH 1 or 2) during a 
memory reference depend on core address bit 34. 
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Figure 2-18 Interconnection of SBus, Data Register, Sense Amplifier, and Inhibit Driver 
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For the SBus read and RMW operations, CLR MDR is generated at the beginning of the core read 
cycle to clear the data register. A SENSE STROBE signal is generated next to gate the sense amplifier 
1 outputs and direct-set the data register flip-flops. The strobe timing is critical and it is preset to 
optimum position by cutting jumpers on the SM driver module. Margining capability is provided, 
however, and the strobe can be moved to early or late positions under diagnostic program control. 
With the data register loaded, OUTPUT is generated in the SM and the read data is transmitted on the 
SBus to the MBox. SENSE STROBE is inhibited during the core read cycle if the memory reference is 
an SBus write operation. 

CLK MDR is generated to clock the contents of the SBus data lines into the data register. This occurs 
during the SBus write and RMW operations when new data is to be written in core. With new data (or 
data read during the previous core read cycle) loaded in the data register, the core write cycle is 
initiated and the output of each register flip-flop is gated by INH 1 or 2 to turn on an inhibit driver 
when the flip-flop contains a 0. The resulting inhibit current cancels the effect of the Y write-select 
current and is written in core. 

2.4.6 Core Read Cycle 

With reference to Figure 2-19, SM operation begins when the SM select levels and core address are 
asserted by the controller at the start of an SBus read, write, or RMW operation. If an SM is selected, 
the select levels assert STACK SEL in the SM's driver modules. STACK SEL then enables the SM's 
inhibit drivers, X-Y current generators, and stack charge circuits so that they can be activated by the 
SM control and timing signals generated by the controller's timing module (Subsection 2.3.7). 

STACK SEL also enables the address decoder circuits in the SM. This allows the core address from the 
controller to select a Y driver/switch combination and an X driver/switch combination. As for the 
enabled current generators and inhibit drivers, the selected driver/switch combinations are activated 
when control signals are generated by the timing module. 

The first of the timing module control signals is A EARLY. It activates the X-Y read current gener- 
ators, the selected X driver, and the selected Y driver/switch combination. With all Y select circuits 
activated, Y read current flows to start the core read cycle. 

At the same time that Y read current is switched by A EARLY, the SM's data register flip-flops are 
cleared, provided that an SBus read or RMW operation initiated the core cycle. Timing module signals 
CLEAR and 1, which assert CLR MDR and 1 in the SM, perform the clearing functions. The 
register flip-flops are cleared for the SBus read and RMW operations because core read data is sub- 
sequently loaded from the sense amplifiers via the direct-set inputs (a "clear-set" load). The register 
flip-flops are not cleared for an SBus write operation because there is no load of core read data. 
Instead, SBus write data is clocked into the flip-flops via the D inputs. SBus write data is loaded by Bn 
CLK (n - 0-3) from the control module. Bn CLK is asserted after A EARLY and before the core 
write cycle. The exact time depends on when the data word's address is acknowledged by the con- 
troller; that is, when the MBox has asserted the write data on the SBus. 

The leading edge of RD LATE, asserted by the timing module, activates the remainder of the X read 
select circuits. With Y read current already flowing, the selected X switch is turned on, causing X read 
current to flow. The sense amplifiers are then strobed (if SBus read or RMW) to load the core read 
data into the data register flip-flops. 
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Figure 2-19 MB20 Storage Module, Sequence of Operation 



The sense amplifier strobe is generated by RD RQ (asserted by the timing module at start-up), the 
output of a one-shot (triggered when X read current is switched), and END STRB (asserted by the 
timing module). The three signals are gated so that the leading edge of the strobe occurs when the one- 
shot times out. This allows the strobe to be adjusted and margined by changing the one-shot's dura- 
tion. The strobe is negated by the trailing edge of END STRB. 

The core read cycle ends when X-Y read currents are turned off by the trailing edge of RD EARLY. 
(The leading edge of this signal, which is asserted after A EARLY and before RD LATE, initiates no 
action.) Bn DO EN (n ■ 0-3) is asserted by the control module after the sense amplifiers have been 
strobed. The signal asserts OUTPUT EN in the SM to transmit the data register contents on the SBus. 
Like Bn CLK (during an SBus write operation), the occurrence of Bn DO EN depends on when the 
data word's address is acknowledged by the controller; that is, when the SBus data is to be strobed off 
the SBus by the MBox. For an SBus read operation, Bn DO EN may not be generated until after the 
core write cycle has started. For an SBus RMW operation, it is asserted prior to the start of the core 
write cycle. 

2.4.7 Core Write Cycle 

The core write cycle follows the core read cycle to write the data register contents into memory. For an 
SBus read operation, the register flip-flops hold the data read during the previous core read cycle. 
Thus, the write cycle restores the read data in core. (Data must be restored as the read operation leaves 
the cores in the state.) For the SBus write and RMW operations, when new data is to be stored in 
memory, the data register flip-flops are loaded from the SBus prior to the start of the core write cycle. 
Bn CLK clocks the data into the flip-flops as explained previously. 

The core write cycle is initiated by the leading edge of WR EARLY from the timing module. The 
signal activates the X-Y write current generators and the selected X-Y switches. Stack charge circuits 
are also activated by STK CHARGE. These circuits reverse-bias the unselected stack diodes and 
shorten write current rise time. STK CHARGE is asserted by the timing module at the same time as 
WR EARLY. 

Data is written in core when X-Y write currents and inhibit currents are turned on by timing module 
signals WR LATE and INH TIME. The WR LATE signal activates the selected X-Y drivers. INH 
TIME activates the inhibit; drivers. (The inhibit drivers that are activated are those corresponding to 
bits in the data word that equal 0.) The write core cycle ends when the trailing edge of WR EARLY 
and INH TIME turn off the stack currents. 
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SECTION 3 
LOGIC DESCRIPTION 



3.1 CONTROLLER 

The MB20 controller consists of an M8568 Control module and an M8565 Timing module. Major 
logic elements for both control and timing modules are shown in Figure 3-1. The bus and cycle control 
logic is detailed in Figure 3-2. A description of controller operation at the logic level follows. Reference 
should be. made to both figures and to the Field Maintenance Print Set. 

3.1.1 Diagnostic Cycle Control 

Address boundary, margin control, and request enable/interleave registers are provided in the con- 
troller to store the control information transferred during the TO MEMORY portion of the SBus 
diagnostic cycle. (The diagnostic cycle is described in Subsection 2.1.2 and SBus timing is shown in 
Figure 2-2.) The controller also has an error register, and logic is provided to gate the error flags, 
together with other status information, onto the SBus during the FROM MEMORY portion of the 
cycle. A set of diagnostic control flip-flops load and clear the appropriate registers and cause the 
specified status information to be gated onto the SBus. Figure 3-3 shows control signal timing for the 
cycle. 

When SBUS DIAG is received by the control module, MAC6 FLOP sets on the next phase A clock 
(MAC BUSI CLK A). If the controller has been addressed by the SBus diagnostic cycle; that is if the 
hard-wired address (MAC6 DIAG A3 and A4) matches the SBus data lines D00-04, comparator 
output MAC6 SELECT will be true. This signal, together with FLOP, causes MAC6 IN EN to be 
asserted. IN EN enables two 4X2 mixer circuits which gate the appropriate SBus data line inputs to 
the data inputs of the diagnostic control flip-flops, depending on the function code specified by data 
line D35. The enabled flip-flops are then set to perform the various control functions. For example, if 
the function code equals (D35 - 0) and the load enable bit is on (D 12-1), the mixer output MAC6 
LOAD RQ/IN IN will be asserted, enabling flip-flop MAC6 LOAD RQ/INTL. The flip-flop sets on 
the next phase A clock and loads the interleave mpde and request enable levels specified by data lines 
D06-1 1 (Table 2-2, Function 0). Control flip-flop MAC6 CLR ERR is set in a similar fashion during a 
function cycle when the error register is to be cleared (D05 « 1). For a function 1 cycle (D35 - 1), the 
mixer outputs enable control flip-flops which set to load the address boundary registers and to load 
and clear the margin control register. Loop-around mode can also be set. The control flip-flops that 
can be asserted for each function code are shown in Figure 3-3. 

To control the gating of status bits onto the SBus, flip-flops MAC6 OUT A, DEL, and FUNC are set 
as follows. OUT A is enabled directly by IN EN, and DEL is enabled by a mixer output when IN EN 
goes true. (Both mixer inputs are tied to +3 V so that DEL is enabled to set, regardless of function 
code.) FUNC is also enabled by a mixer output (with input at +3 V) but it is enabled only for function 
1 . On the next phase A clock, the flip-flops set but status is not gated to the SBus until MAC6 DATA 
dtYJt^V"^ DATA 0UT is asscned when a nip-flop enabled by OUT A is clocked on by MAC5 
BUSI CLK. This clock is the OR of the phase A and B clocks, occurring at twice the SBus clock 
frequency. DATA OUT remains asserted as long as OUT A is set. DEL is used to keep OUT A set 
through two phase A clock periods to give a duration for DATA OUT as shown in Figure 3-3 It also 
latches FUNC, keeping it set through the same interval. 
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lire 3-1 MB20 Controller, Detailed Block Diagram 
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Figure 3-2 MB20 Bus and Cycle Control 
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Figure 3-3 Diagnostic Control Timing Diagram 
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When DATA OUT is asserted, the SBus transmitters are enabled and the status bits are sent to the 
MBox. Because the information transmitted depends on the function code, DATA OUT is gated with 
FUNC to select the appropriate transmitters. For example, bit positions 08-35 in the status word 
(Figure 2-3) contain information for function 1 only. Consequently, the transmitters for these bit 
positions are enabled only when FUNC = 1. Similarly, transmitters for bits 00-03 are enabled only for 
function when FUNC = 0. Because information is transmitted in bit positions 04-07 for both func- 
tion codes, FUNC cannot be gated with the enable level as for the other bit positions. Instead, the 
transmitters are enabled by only the DATA OUT signal and FUNC selects the correct status informa- 
tion through a 4 X 2 mixer with outputs MAC6 D04-07. DATA OUT remains asserted, enabling the 
SBus transmitters, until the control flip-flop OUT A is cleared to end the operation. Diagnostic cycle 
time in the controller equals four phase A clock periods as shown in Figure 3-3. 

3.1.2 Memory Addressing and Storage Module Selection 

The SBus request and address lines are asserted by the MBox and received by the control module at the 
beginning of a memory reference. Because the request and address line values are used by the con- 
troller for SM selection, core selection, and control purposes during the entire memory reference; that 
is, after the MBox disconnects and negates the SBus information, the values must be stored in latch 
circuits until MB20 operation ends. The requests are stored in latches MAC4 RD RQ, MAC4 WR 
RQ, and MAC3 RQ 0-3. The address is held in latches MAC4 LATCH 18-35. (Address bits ADR 
14-17 and ADR PAR are not latched because their values are used only at the beginning of MB20 
operation, when the address is compared with the address boundary register and the address parity 
computation is made.) 

MAC3 ADR LATCH controls operation of the latch circuits. "If equal to 0, the latch outputs equal the 
SBus inputs. When the controller is started, ADR LATCH is set to 1 and the address and request 
information accompanying the SBUS START level is retained in the latch circuits. All latches except 
LATCH 34, 35, and RQ 0-3 hold this information until the end of MB20 operation when ADR 
LATCH is cleared. The latch circuits for the starting address and word requests have additional logic 
as follows. 

LATCH 34 and 35 are updated with the contents of the address counter at the end of a core cycle 
(Subsection 2.3.7). This is done by signals MAC3 END WR and MAC3 STATE CLEAR. END WR 
first disables the latching path within the latch circuits and the outputs go to 0. STATE CLEAR then 
goes to 1 and END WR returns to 0. With ADR LATCH still true (another core cycle to follow) and 
blocking the SBus inputs, the address counter outputs MAC2 A34 and A35 are gated by STATE 
CLEAR to update the latches. 

Also occurring at the end of a core cycle is the clearing of one or more of the word request latches 
MAC3 RQ 0-3. The latches that are cleared correspond to the words accessed during the cycle. A 
MAC3 DONE flip-flop is set as each word is acknowledged and when END WR sets, DONE 0-3 are 
gated to generate MAC3 CLR RQ 0-3. When true, a CLR RQ signal disables the latching paths and 
the corresponding RQ latch is cleared. 

Table 3-1 lists the lines asserted by the controller to select a core location. 

The outputs of the address latch circuits are either used directly or are gated as shown depending on 
the interleave mode. MAC4 ADR 21-33 are the buffered outputs of the address latches and these, 
together with MAC1 ADR 34 and 35, are gated to the core address decoder inputs of all SMs con- 
nected to the controller. ADR 34 and 35 equal LATCH 34 and 35 in no-interleave mode (Subsection 
2.2.3) and they equal LATCH 19 and 20 in 4-way interleave mode (Subsection 2.2.1). In 2-way inter- 
leave mode (Subsection 2.2.2), ADR 35 is gated as in 4-way interleave mode, but ADR 34 is asserted as 
a function of the stored word requests as shown in Table 3-1. This decoding is required because a 
controller does not select just one core address in the selected SMs (as in 4-way interleave mode). One 
of two possible SM locations have to be selected and the one available address bit (LATCH 34) is used 
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only when the controller is addressing the starting address (S) or updated starting address (S'); that is, 
when the address in the latches is odd and the controller is odd or when the address is even and the 
controller is even. In a controller selecting a word with an address other than S or S\ ADR 34 must be 
calculated depending on which word has been requested for the current core cycle and it becomes a 
function of the stored word requests. Also, the calculation depends on whether a controller is odd or 
even. 



Table 3-1 Memory Address Selection 



Address Latches 
(MAC4 LATCH n) 


Address Lines to SM 


21-33 


-* MAC4 ADR 22-33 


34 


*See below 


19 


-*> MAC1 ADR 34 


35 


20 


-* MAC1 ADR 35 


No 
Interleave 


2-Way 
Interleave 


4-Way 
Interleave 





♦Decoding to 


generate MAC1 ADR 34 in 2-way interleave mode 




Controller 


Address Latches 
(MAC4 LATCH n) 


Request Latch 
(MAC3 RQ n) 


MAC1 ADR 34 


EVEN 


34,35 
34,35 
34,35 
34,35 


(OV) 
RQ2 
(+3V) 
RQO 



1 
1 
1 


ODD 


34,35 
34, 35 
34,35 
34,35 


RQl 

(OV) 

RQ3 

(+3 V) 


1 


1 
1 



The decoding to assert MAC! ADR 34 is done with a 2 X 4 mixer circuit that uses the binary value of 
S or S' (LATCH 34, 35) to select a stored word request or a or 1 logic level (0 V or +3 V). Only one of 
the mixer circuits is enabled depending on the odd/even status of the controller. The preloaded request 
enable levels determine odd/even status and MAC6 RQ EN 2 and 3 connect to the mixer's enable 
inputs. When LATCH 35 equals in the even controller or 1 in the odd controller, V and +3 V are 
gated through the mixer to determine the value of bit 34. Although the and 1 logic levels are used, 
from the table it is seen that they input the value of LATCH 34. This is for the case mentioned 
previously, where the value of the address latch is used directly to generate the core address when 
referencing S or S\ The other active controller in an interleaved operation must generate ADR 34 by 
gating the request latches for the same value of LATCH 34 and 35. 
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To illustrate 2-way interleave mode memory addressing, assume an SBus address of Os and requests for 
words 0, 1, and 3. Words and 1 have an SM core address equal to 00 (2 LSBs) and word 3 has an 
address of 10. (Refer to Subsection 2.2.2 for quad-word distribution.) LATCH 34 and 35 equal the 
starting address (00) during the first core cycle. Also, two controllers will be active with the even 
controller selecting word and the odd controller selecting word 1 . The even starting address (00) in 
the even controller gates the value of LATCH 34 through the mixer so that address bit 34 equals 0. 
This causes location 00 to be addressed as required. The odd controller must also generate this address, 
and it is seen from Table 3-1 that when LATCH 34 and 35 are equal to 00 and RQ1 is true, bit 34 does 
equal 0. LATCH 34 and 35 are then updated to a value of 1 1 at the end of the core cycle. During the 
second core cycle, word 3 is selected by the odd controller. Again (with reference to the table), LATCH 
34 and 35 select the value of LATCH 34 as address bit 34. Since LATCH 34 is equal to 1, the correct 
core address (10) is generated for the second core cycle interval. 

Decoding logic similar to that for generating bit 34 is provided to generate MAC1 INH TIM. This 
signal is asserted in IL2 mode for a special case occurring when words with addresses S, S+2, and S+3 
are requested. As seen in Figure 2-5, two core cycle intervals are required to access the three words. 
Also, because the operation is interleaved, two controllers go active and step together through parallel 
core cycles. The controller accessing the single address S+3 must do so during the second cycle, 
however. Thus, to maintain synchronization with the other controller during the first core cycle, it 
performs a dummy cycle by inhibiting read/ write select currents in the referenced SM. INH TIM does 
this and it is wired to the timing module to deselect the SM and to prevent the SM timing signals from 
being generated for this special case. The signal is asserted by either the odd or even controller for four 
request latch combinations, one for each value of starting address. These are shown in Table 3-2. 

Table 32 Decoding for Special Case in 2-Way Interleave Mode 



Controller 



EVEN 



ODD 



Address Latches 
(MAC4 LATCH n) 



34,35 
34,35 

34,35 
34,35 



Request Latches (MAC3 RQn) 
To Assert MAC1 INH TIME 



RQ1,RQ2, RQ3 
RQ3, RQ0, RQ1 

RQ0, RQT, RQ2 
RQ2, RQ3, RQ0 



Six control moJule outputs are used for SM selection. These are listed in Table 3-3. 

Each of the four select levels MAC1 SMn SEL (n = 0-3) connect to one of the four storage modules 
SM 0-3. The other two select levels each connect to two SMs; MAC1 ST RQ 0V1 SEL to SM0 and 
SM2 and MAC1 ST RQ 2V3 SEL to SMI and SM3. A single SM is connected by two of the select lines 
and both must be asserted for an SM core cycle to take place. For example, the controller must assert 
SM0 SEL and ST RQ 0V1 SEL to select SM0. 

One SM is selected by a controller in no-interleave and 2-way interleave modes. ST RQ 0V1 SEL and 
ST RQ 2V3 SEL are both forced to ONE in these modes and selection is made by decoding LATCH 19 
and 20 to generate the appropriate SMn SEL level. The binary value of the two address latches corre- 
sponds to the SM selected as shown in Table 3-3. Also shown is SM selection in 4-way interleave mode 
where one or two SMs are selected by a controller, depending on the number of words requested. The 
value of LATCH 18 causes a pair of the SMn SEL levels to be asserted, either the levels for SM0 and 
SMI or the levels for SM2 and SM3, while the stored word requests raise one or both of ST RQ 0V1 
SEL or ST RQ 2V3 SEL. The three lines (one word requested) or the four lines (two words requested) 
that are raised combine to select the correct SMs. 
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Table 3-3 Storage Module Selection 



Controller 


Request Latches (MAC3 RQn) 


Select Line to SM 


EVEN 
ODD 


N/A both SEL levels = 1 

In 2-way and no-interleave modes 


RQO 
RQ1 


MAC1 ST 
RQ 0V1 SEL 


EVEN 
ODD 


RQ2 
RQ3 


MAC1 ST 
RQ 2V3 SEL 




no 
interleave 


2-way 
interleave 


4-way 
interleave 







Address Latches (MAC4 LATCH 


n) 




EVEN/ODD 


20,21 


19,20 


15 


MAC1 SM0 SEL 


EVEN/ODD 


20, IT 


19,20 


19 


MAC1 SM2 SEL 


EVEN/ODD 


20,21 


19,20 


19 


MAC1 SMI SEL 


EVEN/ODD 


20,21 


19,20 


19 


MAC1 SM3 SEL 




no 
interleave 


2-way 
interleave 


4-way 
interleave 





Three 2X4 mixer circuits are used to generate the SM select levels. Two circuits are used for the SMn 
SEL lines, each using the stored interleave mode bits, MAC6 BIT 06 and 07, at the select inputs. These 
bits select one of the two address latches to be decoded in no interleave and 2-way interleave modes or 
they select a 1 logic level in 4-way interleave mode. To complete the decoding in no-interleave and 2- 
way interleave modes, the appropriate mixer output is enabled with the second of the two address 
latches. In 4-way interleave mode, the single address latch that is decoded enables the correct mixer 
output and gates the 1 input selected by BIT 06 and 07. 

One mixer circuit is used to generate ST RQ 0V1 SEL and ST RQ 2V3 SEL. In 4-way interleave mode, 
MAC3 INTL3 (asserted in 4-way interleave mode) and MAC6 RQ EN I at the mixer select inputs pick 
a word request latch depending on controller odd/even status. ST RQ 0V1 SEL is true when RQO is 
true in the even controller or if RQ1 is true in the odd controller. Similarly, ST RQ 2V3 SEL is 
generated by RQ2 in the even controller or RQ3 in the odd. The mixer outputs are both asserted in no- 
interleave and 2-way interleave modes and do not depend on odd/even status; INTL3 will be false 
causing 4-3 V to be selected, regardless of the state of RQ EN 1. 

Two timing module outputs also play a part in SM selection. MAT2 SPECIAL +3V1 and 2 are 
ANDed with the other two select levels (SMn SEL and ST RQ 0V1 SEL or ST RQ 2V3 SEL) in each 
storage module. Normally, the +3 V signals are asserted, allowing the other two levels to select the 
appropriate SM. However, both +3 V signals are negated by MAT2 PAR ERR INH cycles to deselect 
all SMs whenever an address parity error has been detected or when the controller is in loop-around 
mode. The signals are also negated by INH TIME; that is, for the special case occurring in 2-way 
interleave mode. 
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3.1.3 Start Control 

One of two START signals can be asserted by the MBox to initiate a memory reference; SBUS START 
A is generated coincident with phase A of SBUS CLK and SBUS START B is generated coincident 
with phase B (Subsection 2.1.1). When received by the control module, SBUS START A sets flip-flop 
MAC1 START A on the next phase A clock provided conditions for start-up are met. Correspond- 
ingly, SBUS START B sets MAC1 START B on the phase B clock. Either the START A or START B 
flip-flop starts controller operation and only one will be set depending on which SBUS START level is 
asserted. 

The data inputs of the START flip-flops are enabled by the outputs of a 2 X 4 mixer circuit. This mixer 
and its input gating comprise the logic which defines the start and restart conditions discussed in 
Subsections 2.3. 1 and 2.3.6. For example, MAC1 RQ EN enables the mixer outputs and is the result of 
a comparison between the word request latches (MAC3 RQ 0-3) and the preloaded request enable 
levels (MAC6 RQ EN 0-3). It defines the start-up condition that at least one of the word requests must 
be enabled in the controller. If the MBox has not directed word requests to the controller, MAC1 RQ 
EN will be false, the START flip-flops cannot be enabled through the mixer, and the SBUS START 
level is effectively ignored. 

Start and restart control depend mainly on controller busy status. Two busy indicators connect to the 
mixer select inputs and determine the gating of the SBUS START level for start-up control or the 
MAC3 NEXT signal for restart control. The busy indicators are the controller's CYC CONT BUSY 
flip-flop and the CYC CONT BUSY flip-flop output wired from the other controller on the same 
SBus. (MAC3 CYC CONT BUSY sets when a controller is started and is true to the end of the last 
core cycle.) The other controller's busy status is a factor as both controllers operate as a pair in 
interleaved operation. 

With both controllers inactive, the mixer gates SBUS START to enable the START flip-flop, provided 
the SBus address falls within the address space specified by the preloaded address boundary registers. 
The address comparison is made by three 4-bit comparator circuits, the outputs of which are gated 
with SBUS START at the input to the mixer. All three comparator outputs must be true. MAC4 14-17 
must equal MAC6 ADR SW 14-17 (MAC4 EQUAL TO * 1), MAC4 LATCH 18-21 must be less 
than or equal to MAC6 UPPER ADR SW 18-21 (MAC4 LESS THAN - 1), and MAC4 LATCH 
118-21 must be greater than or equal to MAC6 LOWER ADR SW 18-21 (MAC4 GREATER THAN 

If the controller is inactive and the other controller is busy, the mixer selects SBUS START through 
gating which prevents start-up when the operation is interleaved (both odd and even word requests in 
2-way or 4-way interleave mode). The two controllers must start together in this case as explained 
cta nT ly ' When the other controlIer S° es inactive, the mixer select inputs change to gate SBUS 
START and start the controller as explained in the preceding paragraph. If the operation is not inter- 
leaved, the controller will start with the other controller still busy. This speeds overall operation for 
systems which normally make many non-interleaved memory references; e.g., a system which does not 
contain a Cache. 

Once a controller is active, the mixer directs NEXT to the START flip-flops in case a controller restart 
is necessary. Restarts occur in 2-way interleave and no-interleave modes when a multiword request 
necessitates that successive core cycles be generated (Figure 2-5). As for the first core cycle, core cycles 
resulting from restarts must be synchronized in an interleaved operation. MAC3 CYC NEXT SYNC 
ensures this and it is gated with NEXT at the mixer input. CYC NEXT SYNC is the OR of NEXT and 
the negation of CONT BUSY from the other controller. It will delay the enabling of the START flip- 
flops until the other controller, if active, is also ready to restart. Core cycles will then start together as 
required. 
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The mixer gates the enable level to both START flip-flops during a restart so that one or the other sets 
on the next clock, either phase A or B. This allows core cycles to start as soon as possible; that is, on 
the first occurring clock phase. Because CYC NEXT SYNC is still true for the clock period following 
restart, the negation of MAC2 B is used to disable the mixer input, preventing the other START flip- 
flop from setting. B goes true (negation goes false) as soon as one of the START flip-flops has set. 

START A or START B starts controller operation by asserting MAC3 START AVB and MAC2 
BEGIN. The START AVB signal is wired to the timing module to start the control signal timing train 
necessary for SM operation. BEGIN starts the control logic sequence by setting flip-flops MAC3 CYC 
CONT BUSY, MAC3 BUSY, MAC2 ENABLE, and MAC2 A00 on the next MAC5 BUSI CLK. 
BUSY, in turn, sets MAC3 ADR LATCH to latch the SBus address and request line contents as 
explained in Subsection 3.1.2. 

3.1.4 ACKN Control 

ACKN control signal timing is shown in Figure 3-4. The ACKN control logic consists mainly of the 
following: 

1 . A 2-bit address counter that is initially loaded with the starting address asserted on the SBus. 
The counter is then incremented to the address of the next word to be accessed as each 
ACKN is generated. 

2. An ENABLE flip-flop and associated compare logic that allows ACKN to be generated 
when the starting address, updated starting address, or the incremented address in the 
address counter corresponds to the appropriate preloaded request enable level. 

3. Clearing logic for ENABLE which stops generation of ACKN when the correct number of 
addresses have been acknowledged during a core cycle. 

The address counter consists of two flip-flops (MAC2 A34, A35) clocked by MAC5 BUSI CLK; a 
2X4 mixer circuit used to condition the counter flip-flops and to control the preloading, latching, and 
incrementing of the counter; and a circuit (MAC2 NEW 34, 35) that computes the next value of the 
counter based on the current value and the stored word requests. With CYC CONT BUSY still equal 
to at start-up, the mixer selects LATCH 34 and 35 to condition the counter flip-flops. The latches 
hold the starting address and the counter flip-flops are clocked to this value at the same time 
that the START flip-flop sets. To compute the counter's next value, A34 and A35 are connected to 
another 2X4 mixer circuit which generates the next address at mixer outputs MAC2 NEW 34 and 35. 
The next address depends on which words have been requested and it is generated by having the 
current address in the counter select various combinations of the word request latches (MAC3 RQ 
0-3) at the mixer inputs. The address counter is incremented when the new address is loaded in the 
counter flip-flops. (The increment occurs when ACKN is generated.) NEW 34 and 35 will then change 
to the next address in preparation for the next increment. 

The address counter contents are compared with the RQ EN levels to generate ACKN signals. How- 
ever, to generate the first ACKN as soon as possible and with minimum circuit delay, the START flip- 
flops are gated directly to acknowledge the starting address. 

LATCH 35 is compared with the RQ EN levels and if the address is odd and the controller is odd, or if 
the address is even and the controller is even, START A asserts SBUS ACKN A and START B asserts 
SBUS ACKN B. Only one START flip-flop will be set and the ACKN signal is asserted on the clock 
phase corresponding to the START level received. 



MB/3-10 



MAC5 BUS! CLK A 
MACS 8USI CLKB 



JL-Jl_Jl_Jl__J"l__J~L_rLJl_Jl. 



MACS BUSI CLK .JlJTJlJTJlJTnJlJlXlJl^^ 



SBUS START A 



MAC1 START A 
MAC3 START A/B 



MACS BEGIN 




/IAC2 ftOO__J [ 



n__ 



MAC2 A34,A35 ^)£ 

MAC2 ENA, ENB — — 

MAC2 NEW 34,35 — 

MAC2 0/1 (IF EN AM) 

MAC2 0/3 (IF EN B«1) 

MAC2 ENABLE 

SBUS ACKN A ~~|__ 

S8US ACKN 8 

MAT1 BUSY (L)~ j_ 
MAC3 CONT BUSY 

MAC3 BUSY — — 
MAC3 AOR LATCH 



xzzx 



r 



"i 



r 



"i r 



T 



i_ 



r 



WRITE 



MAC3 BUS DONE 
MAC3 WRITE EN 



Bn 



^J~T_ J"T n J~*~L 



READ 



MAC3 WRITE EN J" 



MAC3 BUS OONE 



IT -1 



MAC1 SAO (IF EN A) | 1 

MAC1 SBO (IF £N B) J L 



MAC1 Bn DO EN 



SBUS DATA VALID A~"J_ 



_TT J~L JT 

S^L _T"L 

n n n 

-TT- -TT J""L 
J L J L 



s s b\ 1 J-L j-l 

SA2 | 1 

SB2J L 

SA3 p"~n 

SB3 J L 



J 



r 



1_ 



J 



r 



SBUS DATA VALIO B~l 



1 



RMW 



MAC3 SAO (IF EN A) | 1 

MAC3 SBO (IF EN B) J L 

SB1 J L 



MACS BUS OONE 
MAC3 WRITE EN 



SA2 r— — i 

SB2J L 

SA3 J""L 



MAC2 CLK MDR n_J~ 



L 



SB3 

MAC1 Bn DO EN_J" 
SBUS DATA VALID A ~1 



MAC1 DATA 
VALID A IN 



J 



L 



f SBUS DATA ri - 
J VALID A/B"*t!l. 



r 



r 



Figure 3-4 Memory Control Timing Diagram (Control Module) 
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As stated in Subsection 3.1.2, the START flip-flop also asserts MAC2 BEGIN which sets MAC2 
ENABLE and MAC2 A00 on the next MAC5 BUSI CLK. A00 is the first stage of a three flip-flop ring 
counter (MAC2 A00, A01, A 10) that is used as a time state generator. With SBUS ACKN still asserted 
to acknowledge the starting address, A00 switches the mixer inputs gated to the address counter flip- 
flops causing NEW 34, 35 to update the counter to the next address. To acknowledge the next address 
(and all others following the first address in a core cycle), enable levels MAC2 EN A and EN B are 
used. These levels are the outputs of a 2 X 4 mixer circuit which have the address counter outputs 
connecting to the select inputs. The mixer then selects the preloaded RQ EN levels depending on the 
address. 

If the corresponding RQ EN level is set for the word address in the address counter,'EN A and/or EN 
B goes to 1 (Table 3-4) to enable one of the inputs to both SBUS ACKN A and B. 

Table 3-4 EN A and EN B 





Address Latch 
(MAC4 LATCH n) 


Request Enable Level 
(MAC6 RQ EN n) 


EN 
A 


EN 
B 


No Interleave 

and 

2-Way Interleave 

Modes 

4-W ay Interleave 
Mode 


34,35 
34,35 
34,35 
34,35 

34,35 
34,35 
34,35 
34,35 


RQENO 
RQEN 1 
RQEN 2 
RQEN 3 

RQENO 
RQEN 1 
RQEN 2 
RQEN 3 


1 
1 
1 
1 

1 
1 





1 
1 
1 
1 



I 
1 



The address is then acknowledged when a flip-flop sets on the next clock phase and asserts the other 
input to either SBUS ACKN A or B. There is a flip-flop for each ACKN signal, each clocked by the 
corresponding clock phase and both enabled by ENABLE and time state AOL If the next clock follow- 
ing time state A01 is phase A, the flip-flop clocked on phase A sets to assert SBUS ACKN A. Corre- 
spondingly, SBUS ACKN B is generated by the other flip-flop if the next clock is phase B. Timing is 
such that successive ACKN signals in one core cycle interval are generated on alternate phases. 

EN A and EN B are also used to determine when all addresses have been acknowledged during a core 
cycle interval. A 2 X 4 mixer circuit gates. EN A to flip-flop MAC2 0/1, and EN B to flip-flop MAC2 
2/3. When a word is acknowledged, the asserted enable level (A/B) is stored in the corresponding flip- 
flop on the next MAC5 BUSI CLK. Once set, 0/1 and 2/3 are latched by the mixer circuit and are 
gated to condition the ENABLE flip-flop depending on interleave mode. Gating is such that ENABLE 
will be cleared on the clock following time state A00 after the correct number of words have been 
acknowledged. For example, with two words requested in an interleaved operation (words and 2 in 
the even controller, or words 1 and 3 in the odd controller), MAC1 ST RQ 0V1 SEL and MAC1 ST 
RQ 2V3 SEL will be true at the input to the ENABLE flip-flop. In 4-way interleave mode, the AND of 
these two select levels causes ENABLE to clear when both 0/1 and 2/3 are set. This is done because 
first EN A and then EN B (or vice versa, depending on the order words are accessed) are asserted for 
this case (Table 3-4) and both words have been acknowledged when both 0/1 and 2/3 have been set. If 
just one word is requested in 4-way interleave mode, or if the controller is in no-interleave or 2-way 
interleave mode (except for special case), ENABLE is cleared by either 0/1 or 2/3. This allows only 
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one ACKN to be generated per core cycle as required. For the special case in 2-way interleave mode 
(Subsection 2.3.1), both controllers start but an address is not acknowledged by one controller during 
the first core cycle interval. Consequently, ENABLE must be cleared in this controller after the other 
controller acknowledges the starting address. Since EN A or EN B will not be asserted as usual, MAC1 
INH TIME is used to disable the latching input and ENABLE is cleared on the clock following the 
negation of BEGIN. 

Four flip-flops, MAC3 DONE 0-3, are used to keep track of which words have been acknowledged 
during an operation. Each flip-flop is enabled by an output from a 4 X 2 mixer circuit. The mixer is 
configured to decode the binary value of A34 and A35 so that one of the four outputs will be asserted, 
depending on the address counter contents. During time state A00, with ENABLE still true (MAC2 A 
= 1), the mixer is enabled to assert an output and the DONE flip-flop corresponding to the address in 
the address counter is set on the next MAC5 BUSI CLK. Thus, a flip-flop is set for each word 
acknowledged as the address counter increments during the operation. Once set, the DONE flip-flops 
are gated to clear the word request latches at the end of a core cycle (Subsection 3.1.7). 

3.1.5 Read/Write Control (Control Module) 

In addition to acknowledging the address of each word, the control module generates the control 
signals necessary to strobe write data from the SBus into the SM data register and gate read data from 
the data registers onto the SBus. It must also generate DATA VALID signals concurrent with placing 
read data on the SBus. Timing for control module signals is shown in Figure 3-4. 

MAC2 Bn CLK (n = 0-3) are the write data strobe signals. Each of the four flip-flop outputs connect 
to an SM and only one will be set at any one time. Each flip-flop is clocked by MAC5 BUSI CLK and 
enabled by a MAC1 SMn SEL level, MAC2 EN A or B, and MAC2 CLK EN. At least one SMn level 
will be asserted (Table 3-3) and CLK EN will be true for the SBus write operation (RD RQ - 0) during 
time state A00 as long as ENABLE is set. With the data word on the SBus and the controller acknowl- 
edging the word address, an EN A or EN B level will also be true to enable generation of the the write 
strobe just after the SBUS ACKN signal is asserted. In no-interleave and 2-way interleave modes, EN 
A and EN B both go true and the one write strobe generated per core cycle is determined by the single 
SMn SEL level that is asserted. In 4-way interleave mode, two SMn SEL levels are asserted but only 
one of the EN A or EN B levels is true (Table 3-4). One or two strobes can be generated per core cycle 
and combinational gating of the levels enables the correct Bn CLK flip-flop when a word is 
acknowledged. 

During a read-modify-write operation (MAC2 RMW = 1), CLK EN is asserted by the SBUS DATA 
VALID signal accompanying the modified data from the MBox. To ensure that the correct strobe is 
generated at this time, MAC2 RMW is used during the first (read) portion of the operation to inhibit 
the incrementing of the address counter when the word address is acknowledged. Inhibiting the count 
results in EN A and EN B having the same value when CLK EN is generated for the read-modify-write 
operation as when it is generated for the write operation. Thus, EN A and EN B, together with the 
SMn SEL levels, will enable the correct write strobe as described in the preceding paragraph. 

MAC1 Bn DO EN 0-3 are the signals wired to the SMs to gate the read data onto the SBus data lines. 
The flip-flop outputs are asserted during the SBus read and RMW operation. The logic to enable and 
set the signals is similar to that for generating the write data strobes; the major difference is that the 
EN A and EN B levels do not enable the flip-flops directly. Instead, each connect to the input of 
a 6-stage shift register. The last shift register stages, MAC1 SA3 and SB3, then enable the Bn DO flip- 
flops. The input gates to the shift registers are asserted during time state A00 when ENABLE is set, 
just as the enable gates for the write data strobes, but the shift registers introduce a six clock period 
delay before a Bn DO EN flip-flop is set. The delay is to allow time for the SM to complete the core 
read cycle (initiated by the START flip-flop) and load its data register. It is the data register contents 
that are gated on the SBus by a Bn DO EN signal. 
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The shift register outputs are also used to enable MAC1 DATA VALID A out and MAO DATA 
VALID B out. SA3 or SB3 enables both flip-flops and one will set on the next clock phase (A or B) 
asserting DATA VALID (A or B) on the SBus at the same time that a Bn DO EN signal is asserted. 
The DATA VALID signal for a word is generated on the same clock phase as the ACKN signal for 
that word. 

MAC3 BUS DONE is set to signal the end of SBus dialogue with the MBox. Together with MAC3 
END WR, which signals the end of the SM core cycle, it causes the controller to terminate or restart as 
explained in Subsection 3.1.7. MAC 3 BUS DONE EN enables the BUS DONE flip-flop. It is one of 
the outputs from a 2 X 4 mixer circuit having MAC4 RD RQ and MAC4 WR RQ as select levels. The 
mixer is enabled when all ACKN signals have been generated (ENABLE = 0). For an SBus write 
operation, this is the end of SBus activity and the mixer gates the previously set MAC3 BUSY signal to 
set BUS DONE on the next MAC5 BUSI CLK. For an SBus read operation, BUS DONE EN is 
asserted by MAC1 RD CYC DONE DLY during the second A10 time state following the negation of 
ENABLE. This sets BUS DONE one clock period before the last DATA VALID signal. It is set early 
so that during multi-word read operations, where the core cycle ends before all DATA VALID signals 
have been asserted, the controller can begin the termination sequence and be ready for another memo- 
ry reference shortly after SBus activity ends. During a RMW operation, the DATA VALID signal 
asserted by the MBox is the last SBus signal generated. CLK EN goes true at this time and it is gated 
directly through the BUS DONE EN mixer circuit to set BUS DONE. 

MAC3 WRITE EN is wired to the timing module to enable the start of the control signal timing train 
that causes an SM write core cycle. The write core cycle will start provided the core read cycle has 
ended. WRITE EN is the output from the other half of the 2X4 mixer circuit used to generate BUS 
DONE EN. During an SBus write or RMW operation, all write data has been strobed from the SBus 
when SBus dialogue has ended and the mixer selects BUS DONE to assert WRITE EN. For an SBus 
read operation, the start of the core write cycle is not SBus-dependent. The cycle serves only to restore 
the data read from core. Thus, WRITE EN is asserted by BUSY at the beginning of the operation, 
enabling the core write cycle to start immediately after the core read cycle ends. 

3.1.6 Read/Write Control (Timing Module) 

Read/ write control signals generated by the timing module are listed in Subsection 2.3.7. Control 
signal timing is shown in Figure 3-5. Circuitry to generate the R/W control signals consists mostly of 
R-S flip-flops that are set and cleared by delay line outputs. Some of the SM control signals are 
inhibited during special operating modes. MAT1 START INH CYCLES prevent RD EARLY from 
being transmitted to the SMs when the controller is in loop-around mode (MAC6 LOOP BACK = 1) 
or when it is performing a dummy cycle for the special case in 2-way interleave mode (MAO INH 
TIME - 1). Another signal, MAT1 PAR ERR INH CYCLES, also inhibits RD LATE, WR EARLY, 
and WR LATE for these two cases. PAR ERR INH CYCLES is also asserted when an address parity 
error occurs (MAC4 PAR ERR LATCH = 1). In addition to inhibiting transmission of the control 
signals to the SMs, PAR ERR INH CYCLES also negates SM select levels MAT2 SPECIAL +3V1 
and 2 (Subsection 3.1.2). Deselecting the SMs and inhibiting the control signals prevents read/write 
currents in the referenced SMs. Subsection 2.1.8 explains why this is necessary in loop-around mode 
and when an address parity error occurs. The reason for inhibiting SM read/write currents for the 
special case in 2-way interleave mode is explained in Subsection 2.3.1. 

When MAC3 START A/B is generated by the control module, MAT1 A EARLY is asserted to turn 
on the core Y read select currents, starting SM operation. At the same time, MAT1 INITIATE is 
asserted to generate MAT1 CLEAR and 1. The CLEAR signals clear the SM data registers if the 
operation is a read or read-modify-write (MAC4 RD RQ = 1) and if loop-around mode is not set 
(MAC6 LOOP BACK = 0). INITIATE also drives the first delay line to start the timing train and it 
toggles the R-S flip-flops that generate MAT1 RD EARLY and MAT1 BUSY. RD EARLY times the 
core read select circuits. MAT1 BUSY is the timing module busy indicator. 
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Figure 3-5 Memory Control Timing Diagram (Timing Module) 



The first delay line output toggles a flip-flop which negates both INITIATE and A EARLY. The flip- 
flop output is ANDed with START AVB to allow generation of both signals initially. When negated, 
the flip-flop disables the inputs and establishes a signal duration for INITIATE and A EARLY equal 
to the tapped delay (125 ns). The same delay line output also toggles the flip-flop that asserts MAT1 
RD LATE. This signal turns on the core X read select currents. As successive delay line outputs go 
true, a flip-flop is toggled to generate MAT1 END STROBE, and the RD EARLY and RD LATE 
signals are cleared to end core read cycle timing. 

WRITE EN from the control module edge-triggers a D-type flip-flop when received by the timing 
module. The stored enable level is ANDed with one output from the R-S flip-flop which generates RD 
EARLY. As soon as the core read cycle ends, or if it has already ended, and the R-S flip-flop is in the 
state to negate RD EARLY, the first delay line in the core write cycle timing train is driven, and an 
R-S flip-flop is toggled to generate the first of the write control signals. The signals, MAT1 WR 
EARLY and its complement, MAT1 STK CHARGE, activate the core write-select circuits. Delay line 
outputs then toggle the flip-flops associated with MAT1 WR LATE and MAT1 INH TIME. These 
signals turn on the write select and inhibit currents. Successive delay line outputs then clear the stored 
write enable level, the four core write control signals, and the M ATI BUSY signal to end the core cycle 
timing train. MAT1 BUSY is wired to the control module to initiate controller termination or restart. 
When MAT1 BUSY is negated, its complement, MAT1 END WRITE EARLY, is asserted to toggle 
the R-S flip-flop ANDed with START AVB. This allows START AVB to initiate another core cycle 
timing train. 

3.1.7 Termination and Restart Control 

The negation of MAT1 BUSY in the timing module signals the end of the SM core cycle. When 
received by the control module, it sets MAC3 END WR and starts the termination or restart sequence. 
Timing is shown in Figure 3-6. Synchronizing flip-flops are used to receive the negation of MAT1 
BUSY. This is because timing module signals are sequenced by delay lines and they are asynchronous 
with respect to MAC5 BUSI CLK in the control module. Two stages of synchronization are required 
for reliable operation at the controller's clock rate. With SBus dialogue ended (BUS DONE = 1), the 
second synchronizing flip-flop enables END WR to set on the next MACS BUSI CLK. END WR 
disables the latching input to MAC3 BUSY and enables MAC3 STATE CLEAR. It also gates the four 
MAC3 DONE flip-flops to assert one or more of MAC3 CLR RQ 0-3. These signals clear the corre- 
sponding stored word requests (MAC3 RQ 0-3) as discussed in Subsection 3.1.2. If all the stored word 
requests enabled by the preloaded request enable levels are cleared at this time, all words have been 
accessed for the memory reference in progress and MAC1 RQ EN (asserted at start-up) will go to 0. 
The controller then uses this signal to terminate. If RQ EN is still asserted after END WR occurs, 
there are more words to access and the controller restarts. Operation is as follows. 

With END WR set, STATE CLEAR sets and BUSY clears on the next MAC5 BUSI CLK. STATE 
CLEAR gates the address counter contents to update MAC4 LATCH 34 and 35 (Subsection 3.1.2) in 
case of a restart and it asserts MAC3 CLR to clear BUS DONE and the ACKN control flip-flops. It 
also asserts MAC3 CLR A to clear loop-around mode (MAC6 LOOP AR) if the controller is to 
terminate (RQ EN - 0) and the operation is read (RD RQ « 1). BUSY going to removes the set 
input to R-S flip-flop MAC3 ADR LATCH. The latching input is also disabled by RQ EN = if the 
controller is to terminate. ADR LATCH then clears to unlatch the address and request latch circuits in 
preparation for the next memory reference. ADR LATCH going to also causes 
MAC3 CYC CONT BUSY to clear on the next MAC5 BUSI CLK. This terminates controller oper- 
ation. If the controller is to restart (RQ EN = 1), ADR LATCH remains latched when BUSY is 
cleared, causing flip-flop MAC3 NEXT to set on the next MAC5 BUSI CLK. NEXT restarts the 
controller, as explained in Subsection 3.1.3. NEXT remains set until BUSY goes true again at the start 
of the next core cycle. 
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Figure 3-6 Termination and Restart Timing Diagram 
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3.1.8 Error Logic 

Error checking in the MB20 system is described in Subsection 1.2.8. Error conditions checked in the 
MB20 controller are: 

1. Incorrect address/ request line parity 

2. Incomplete memory reference 

Correct address/request line parity is odd. MAC4 14-17, MAC4 LATCH 18-35, MAC3 RQ 0-3, 
MAC4 RD RQ, MAC4 WR RQ, and MAC4 PAR connect to a 4-element parity checker with output 
MAC4 PAR ERR. If incorrect (even) parity is detected at the start of a memory reference (MAC3 
START A/B - 1 A MAC3 ADR LATCH DLY - 0), PAR ERR causes flip-flop MAC6 ADR PAR 
ERR to be set by the phase A clock. MAC6 ADR PAR ERR then asserts SBUS ADR PAR ERR to 
flag the error in the MBox. When the next phase A clock occurs, MAC6 ADR PAR ERR clears (input 
cutoff when START A/B goes false) to give an SBus error signal duration of one SBus clock period. 

The negation of MAC3 ADR LATCH DLY at the input to MAC6 ADR PAR ERR prevents the flip- 
flop from being set by parity network glitching during a restart. (Parity network inputs, RQ 0-3 and 
ADR LATCH 34 and 35 are modified at the end of a core cycle as explained in Subsection 3.1.7.) 
MAC3 ADR LATCH DLY sets on the first MAC5 BUSI CLK following the assertion of MAC3 
ADR LATCH and it remains set for the entire MB20 operation. 

In addition to asserting the SBus error signal, MAC6 ADR PAR ERR also enables MAC6 ADR PAR 
ERR FLAG. This flip-flop, which sets and latches on the next phase A clock, is the error status bit 
transmitted to the CPU over the SBus during the SBus diagnostic cycle (Table 2-2, Function 0). 

An address parity error condition inhibits R/W currents in the referenced SM(s) as explained in 
Subsection 3.1.6. Signal MAC4 PAR ERR LATCH, the latched value of MAC4 PAR ERR, is used 
for this purpose. It remains asserted for the entire MB20 operation. 

An incomplete memory reference error is detected by a 6-stage binary counter. MAC6 INC RQ CT, 
the AND of the all 6 counter stages, is asserted when the count equals 64 during MB20 operation. (The 
counter is held cleared whenever the MB20 controller is inactive by the negation of MAC3 CONT 
BUSY at the ENABLE input.) Because a controller is never active for 64 SBus clock periods during 
normal operation, the assertion of INC RQ CT indicates a malfunction. Specifically, it indicates that 
the controller is in a hung condition, either because of a controller failure, or because a signal has not 
been received on the SBus. 

When an incomplete memory reference has been detected, MAC6 INC RQ CT causes flip-flop MAC6 
INC RQ to be set by the next phase A clock. INC RQ then asserts MAT2 INITIALIZE and MAT2 
INITIALIZE A to return all flip-flops in the timing module to their initial state and to reset the control 
module by generating MAC3 CLR A, MAC3 PWR CLR, and MAC3 PWR CLR1. The MB20 is then 
ready to perform another SBus operation. INC RQ also asserts the SBUS ERROR line to flag the 
error in the MBox. 

As for an address parity error, an incomplete memory request sets a status indicator that is read during 
the SBus diagnostic cycle (Table 2-2, Function 0). MAC6 INC RQ CT enables the status flip-flop, 
MAC6 INC RQ FLAG, to set and latch on the next phase A clock. 

Error indicators are cleared by means of the SBus diagnostic cycle (Table 2-2, Function 0). SBus data 
line D05 sets MAC6 CLR ERR to direct-clear both MAC6 ADR PAR ERR FLAG and MAC6 INC 
RQ FLAG. The flags are not cleared by SBUS CROBAR or SBUS MEM RESET. 
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3.1.9 Margin Control 

Storage module operation can be tested under margin control. Four control bits (three turn-on bits 
and a direction/clear bit) are asserted during the SBus diagnostic cycle to allow either "high over 
normal" or "low under normal" values of X-Y select current, sense amplifier threshold voltage, or 
sense strobe timing. The control bits are stored in control flip-flops MAC6 CUR MARGIN, MAC6 
VTH MARGIN, MAC6 STRB MARGIN, and MAC6 MAR DIRECTION. The flip-flops are 
clocked by MAC6 LOAD MARG on the third phase A clock of the diagnostic cycle. They are loaded 
from SBus data lines D27-30. (Control bit definitions are listed in Table 2-2, Function 1.) LOAD 
MARG is asserted when one of the three turn-on bits is asserted; that is, when MAC6 BITS 27V28V29 

The fourth control bit, which corresponds to data line D30, has a dual function. When no margins are 
to be turned on (MAC6 MAR OFF - 1), it generates MAC6 CLR MAR to direct-clear all four 
margin control flip-flops. When a turn-on bit is asserted, it loads control flip-flop MAC6 MAR 
DIRECTION to serve as a high or low margin indicator. 

The four margin control flip-flops are used to generate the necessary control signals to margin the 
SMs. The single control line MAT2 STRB MARG determines the timing for the sense strobe. In an 
SM, the voltage on the line biases a transistor in a one-shot's external timing circuit to move the 
leading edge of the strobe ± 15 ns. In the controller, the signal is generated by a NAND gate and an 
AND gate with outputs that are connected together through a diode. When the strobe margin turn-on 
bit is off, neither gate is enabled, the diode is reverse-biased, and MAT2 STRB MARG is approx- 
imately 2.0 V. When strobe margin is on and low margin is specified (MAC6 MAR DIRECTION - 
0), only the NAND gate is enabled. This grounds the control line and causes an early strobe. If a high 
margin is specified (MAC6 MAR DIRECTION = 1), only the AND gate is enabled and MAT2 STRB 
MARG goes to approximately +4 V to cause a late strobe. 

Two control lines are necessary to margin the SM X-Y select currents. For high current margin, a gate 
enables transistor Q4 to ground MAT2 HI CUR MARG which increases the amplitude of the bias 
current generator output in an SM. The increase in bias current increases the select currents by approx- 
imately six percent. Similarly, MAT2 LOW CUR MARG is grounded by transistor Q5 when low 
current margin is specified. This reduces the bias current, decreasing the select currents by approx- 
imately six percent. 

Control line MAT2 VTH MARGIN connects to voltage dividers in the SM sense/inhibit modules that 
provide the positive threshold voltage for the sense amplifiers. The control bits to low-margin the 
threshold voltage enable a gate which turns on transistor Q3. This connects the control line to ground 
through a resistance in the transistor's emitter circuit. The resistance (four 1780-ohm resistors in paral- 
lel, with each resistor having a separate ground connection) shunts the sense amplifier voltage dividers 
and reduces the threshold voltage. Each of the four ground connections (M AT2 VTH GND 0-3) is 
made in one of the G236 driver modules associated with an SM, causing the shunt resistance to 
decrease (more parallel resistors) as more SMs are connected. The result is to make the margin circuit 
self-compensating; that is, the changing resistance maintains the same margin voltage, independent of 
system configuration. Transistor Q2 is turned on to high-margin the threshold voltage. This places a 
positive voltage (-3 V) on MAT2 VTH MARGIN to increase the threshold voltage. The voltage is 
supplied by a voltage divider on the timing module. 

3.1.10 Controller Reset Logic 

The MB20 is reset by SBUS CROBAR when the system is powered up or down, and by SBUS MEM 
RESET, which is generated by a diagnostic function via the console processor. 

Both SBUS CROBAR and SBUS MEM RESET assert MAT2 CLR SWITCHES. CLR SWITCHES 
clears the address boundary registers, the RQ EN flip-flops, and BIT 06 and 07 (the stored interleave 
mode). CLR SWITCHES also generates MAT 2 INITIALIZE and MAT2 INITIALIZE A. 
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INITIALIZE A, which is also asserted when the controller detects an incomplete memory request 
(Subsection 3.1.8), aborts any SM core cycles that are in progress by returning all timing module flip- 
Hops to their initial state. INITIALIZE resets the control module by asserting MAC3 CLR A, MAC3 
PWR CLR, and MAC3 PWR CLR1. 

The primary function of CLR A, also asserted at the end of a read or read-modify-write operation (RD 
RQ - 1A STATE CLEAR - 1A RQ EN - 0), is to clear MAC6 LOOP AR, It also clears four 
diagnostic control flip-flops on the same IC. 

PWR CLR1 asserts MAC3 CLR, which is also asserted by STATE CLEAR at the end of a core cycle, 
to clear BUSY, BUS DONE, and the flip-flops in the ACKN control logic. The remaining control 
module flip-flops, except for the error flags, are cleared directly by PWR CLR1 and PWR CLR. The 
two error flags (MAC6 ADR PAR ERR and MAC6 INC RQ FLAG) are cleared only during the 
SBus diagnostic cycle, as explained in Subsection 3.1.8. 

3.2 STORAGE MODULE 

The MB20 storage module consists of two 32K X 19-bit core memory sections. Each section consists 
of an H224-B stack module, a G236 driver module, and a Gl 16 sense/inhibit module. One section uses 
only 18 bits of the total 19-bit capacity to store bits 00-17 of the data word; the other section uses all 19 
bits to store bits 18-35 plus the parity bit. A block diagram for one storage module section is shown in 
Figure 3-7. 

A circuit-level description of storage module operation follows. Reference should be made to the block 
diagram and to the module circuit schematics in the Field Maintenance Print Set. 

3.2.1 Stack Select 

Table 3-5 lists the four select levels connecting to each of the storage modules associated with a con- 
troller. The select levels are asserted by the controller as explained in Subsection 3.1.2. 

When an SM is referenced, the four asserted select lines cause DRVC STACK SEL to be asserted in 
the SM's two G236 driver modules. STACK SEL enables the SM's X-Y current generators, inhibit 
drivers, and address decoders. (Enabling the decoders causes the core address to select the X-Y drivers 
and switches.) The enabled circuits allow R/W currents to be generated, causing a core cycle in the 
addressed SM, when control and timing signals are initiated by the controller's timing module. 

3.2.2 Address Decoders 

To select a word in memory, the 15 bits of core address from the controller (MAC4 ADR 21-23 and 
MAC1 ADR 34-45) are decoded in each of the SM's two G236 driver modules as follows: 

1. ADR 23, 24, 25, 26 select 1 of 16 X-R/W switches 

2. ADR 21, 27, 28, 29 select 1 of 16 X-R/W drivers 

3. ADR 22, 30, 31, 32 select 1 of 16 Y-R/W switches 

4. ADR 33, 34, 35 select 1 of 8 Y-R/W drivers. 

The decoding is illustrated in Figure 3-8. The correspondence between the core address and the con- 
troller's address latches is also shown. 
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Figure 3-7 MB20 Storage Module Section, 
Detailed Block Diagram 
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Table 3-5 SM Select Levels 
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Figure 3-8 Switch and Driver Selection 
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The basic decoder units in each driver module are three 4-to- 16-line decoders to select the switches and 
X drivers and one 4-to- 10-line decoder to select the Y drivers. Each decoder asserts a single output 
corresponding to the binary value of the address bits connected to the weighted inputs (8, 4, 2, 1). For 
example, -ADR 23-26 equal to a binary value of 7 (01 1 1) asserts DRV 07 SEL to select switch DRV 
XS07 in the X selection matrix. 

The address decoder outputs are asserted only when the SM has been selected by the controller, that is, 
when DRV STACK SEL = 1. STACK SEL enables the 4-to- 16-line decoders directly by asserting 
both of the decoder's AND EN inputs. Although the 4-to- 10-line decoder has no enable input, the 
negation of STACK SEL connects to the highest-order input. (Only three of the four inputs are needed 
to decode the three core address bits.) Thus, the eight decoder outputs that are used (0-7) are not 
asserted until STACK SEL goes true. 

3.2.3 X-Y Drive Control 

Control signals are generated in each G236 driver module to control the read/write drivers, switches, 
and current generators associated with word selection. A timing diagram is shown in Figure 3-9. The 
signals are derived from control and timing signals asserted by the controller's timing module (Sub- 
section 3.1.6). 

DRVC READ TIME is the first SM drive control signal generated during the core read cycle. It is 
derived from the OR of controller signals A EARLY and RD EARLY. A EARLY is used to assert 
READ TIME; the trailing edge of RD EARLY negates it. READ TIME enables the X-Y read current 
generators, and it asserts DRVC Y READ SINK TIME to enable the Y read drivers. It also asserts 
DRVC X READ SOURCE TIME and DRVC SOURCE TIME to enable the X-Y switches. With all 

Y select circuits activated, Y read current flows as long as READ TIME is true. 

RD LATE is asserted by the controller approximately 125 ns after RD EARLY switches Y line cur- 
rent. RD LATE is ANDed with READ TIME to generate DRVC X READ SINK TIME. This signal 
turns on X read current by enabling the X read drivers, the last of the X select circuits to be activated. 
With both X and Y currents switched, a word is read from the core stack. X and Y read currents 
remain on until the trailing edge of RD EARLY negates READ TIME, which disables both the X and 

Y read current generators. 

Controller signal WR EARLY starts the core write cycle. It asserts DRVC WRITE TIME, which 
enables the X-Y write current generators, and it asserts DRVC X WRITE SINK TIME and DRVC Y 
WRITE SINK TIME, which enable the X-Y switches. WR LATE from the controller then asserts 
both DRVC X WRITE SOURCE TIME and DRVC Y WRITE SOURCE TIME to activate the X-Y 
drivers and switch on both X and Y write currents. The write core cycle ends when WRITE TIME is 
negated by the trailing edge of WR EARLY, disabling the write current generators. 

3.2.4 Drivers and Switches 

The drivers and switches in an SM section form a selection matrix that directs current through the X 
and Y lines in the core stack. Current is switched in the proper direction as selected by the read and 
write operations. X-Y selection is described in Subsection 2.4.4. 

Figure 3-10 shows a simplified schematic of a driver/switch combination interconnected with the core 
stack and the associated current generators. A Y driver/switch combination, R/W switch YS07 and 
R/W driver YPWD7/YNRD7, is used as an example. Assuming these circuits are selected by the 
address decoders (El 6 and E30), the following occurs during a core cycle. 
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Figure 3-9 X-Y Drive Control Timing Diagram 



When timing signals Y READ SINK TIME and Y READ SOURCE TIME are asserted at the start of 
the core read operation, negative read driver E32 and positive read switch E20 are turned on. At the 
same time, READ TIME also enables the Y read current generator allowing current to flow through 
the switch, D47, the Y line, a stack diode, and the driver to ground. READ TIME is then negated, 
turning off the read current by disabling the current generator. Y read current is switched on for 
approximately 450 ns. 

To generate Y write current, timing signal WRITE TIME is asserted first to enable the Y write current 
generator. Signals Y WRITE SOURCE TIME and Y WRITE SINK TIME are asserted next to turn 
on positive write driver E31 and negative write switch E19. Y write current then flows through the 
driver, a stack diode, the Y line, and the switch to ground. (Note that write current direction is 
opposite to read current direction.) Current is switched off by the negation of WRITE TIME, which 
disables the write current generator and causes a Y write current duration of approximately 350 ns. 
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Figure 3-10 Typical Y-Line Read/Write Switches and Drivers 



During the time that Y read and write currents are switched by the active Y driver/switch com- 
bination, a selected X driver/switch combination is switching read and write currents through an X 
line. Operation is similar except that timing signal X READ SINK TIME, which enables the X nega- 
tive read drivers, is asserted after READ TIME. This causes X read current to be switched on approx- 
imately 75 ns after the start of Y read current. The staggered read currents are to minimize the delta 
noise generated in the stack. X write current timing is the same as for the Y axis. 

3.2.5 X-Y Current Generator 

Four current generators (sources) in the G236 driver module supply X read current, Y read current, X 
write current, and Y write current for an SM section. Current amplitude is controlled by a 
temperature-compensated dc bias current supply. The current generators are enabled by timing signals 
READ TIME and WRITE TIME which are generated by the X-Y drive control logic (Subsection 
3.2.3). 

Figure 3-1 1 shows the bias current supply and the Y write current generator. The saturating trans- 
former T2 is normally saturated hard by bias current in the winding designated by pins 7 and 8. In 
order for the magnetic core of T2 to start to switch its magnetic flux in the opposite direction, the 
ampere turns applied by the bias current must be executed by an equal, but opposite, MMF in another 
winding. As long as T2 remains saturated, it is a low impedance to changes in current in any of its 
windings. However, once T2 starts to switch magnetic flux, large voltages may be induced across its 
windings in response to any additional changes in net current. That is, the saturating transformer acts 
like an ideal current source: low impedance with less than a specified current in winding 6-9, and a 
high impedance to additional current changes once the specified current amplitude is reached. The 
specified current is primarily determined by the bias current value and the turns ratio of the trans- 
former. The third winding (5-10) conducts current only after the drive current pulse has ended and 
restores some current to the +20 V supply during that period. Although some losses occur, most of the 
energy absorbed by the transformer during the current pulse is restored to the power supply at the end 
of the pulse. 

The bias current supply, which also provides dc bias current for the inhibit driver circuits on the Gl 16 
sense/ inhibit module, drives all bias current windings in series. LRC filter networks are provided at 
intervals to ensure that the bias current does not acquire ac components and that large voltages do not 
build up along the series path. LI, C65, and R17 comprise such a filter network, protecting Q7 and Q8 
from transients. 

The resistor network in the bias current supply (consisting of a stack thermistor, R7-15, and zener 
diode D 1) provides a temperature-compensated reference voltage to pin 3 of operational amplifier El. 
The amplifier's output (pin 6) biases Q7, which controls the bias current flowing through Q8 and the 
bias windings of the saturating transformers. Jumpers W5, W6, and W7 in the resistor network are cut 
to adjust the bias current to its optimum value. The jumpers are installed during manufacture and 
should not be changed in the field. 

Small variations in bias current, as evidenced by changes in the emitter voltage of Q8, are fed back to 
pin 2 of El via R2. This causes the operational amplifier, which uses its gain to maintain a voltage on 
pin 2 nearly equal to the voltage on pin 3, to adjust its output and regulate the bias current at a value 
controlled by the reference voltage. 

Margin lines MAT2 LOW CUR MARG and MAT2 HI CUR MARG from the controller connect to 
the operational amplifier input pins to provide a means of changing R/W currents in the stack. (Mar- 
gin control is discussed in Subsection 3.1.9.) For high current margins, amplifier input pin 3 is 
grounded through R6 (470K.fi) by the margin line, causing an increase in the bias current and a 
corresponding increase (-six percent) in R/W currents. Similarly, for low current margins, grounding 
input pin 2 through Rl (470KG) lowers the bias current causing the R/W currents to decrease (-six 
percent). 
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Figure 3-1 1 Bias Current Supply and Y Write Current Generator 



Operation of the write current generator is as follows: the output of E5 goes low when the current 
generator is activated. Current is then coupled through Tl to saturate transistor Q4. With a driver and 
switch enabled in the selection matrix providing a current path, current flows through windings 6-9, 
Q4, and out to the write drivers. When Q4 is turned off by E5 (coupling through Tl), current flows 
through D33 from winding 5-10 until the core of T3 has been completely resaturated by the bias 
current. This places energy back in the power supply. 

The read current generators have additional components to control the leading edge of read current. 
With reference to the G236 circuit schematic, diodes D7 and D8 and resistor R49 form an anti- 
overshoot circuit that connects from current generator output DRV X READ CURRENT SOURCE 
to ground. The circuit conducts to "steal" some of the read current during the rise time interval, 
allowing the current to rise to its proper value and not beyond it. A similar circuit is used in the Y read 
current generator. 

In addition to the anti-overshoot circuit in the X read current generator, diodes D17 and D 16 are used 
to limit the voltage applied to the X read switches, thus making the X read current rise time less 
dependent on the accuracy of the 20 V power supply. This is required because the core output signals 
are affected more by X read current than by Y read current. (Y read current flows before the X read 
current, hence the X read current does the actual core switching.) 

3.2.6 Stack Charge Circuit 

The stack charge circuit assists the stack capacitance in recovering and shortens the rise time of the 
stack current. It also reduces unwanted currents in the unseiected lines associated with the selected 
driver. It is located on the H224-B stack module. 

Figure 3-12 shows the stack charge circuit. Its output is taken from the emitter of transistor Ql and 
goes to the junction of each X and Y read/write switch pair via a resistor. This common inter- 
connection is labeled V in the figure. It is desired that V be approximately V (ground) during a read 
operation, and approximately +20 V during a write operation. The effective stack capacitance associ- 
ated with each line is shown as Cstack- 

During a read operation, the DRVA STK CHARGE TIME signal is low, making the output of El 
(pin 6 and 8) high, thus saturating Q2 and Q3, and turning off Ql and Q4. The output voltages of the 
circuit are also held low by the parallel combination of LI and D123, and also L2 and D122. A current 
thus flows from +5 V, through R35 and R36, through LI and L2, through R37 and R38 and through 
Q2 and Q3, to ground. Ql and Q4 are off since their base-emitter junctions are not forward-biased. 

During a write operation, the DRVA STK CHARGE signal goes high, making the output of El (pin 6 
and 8) go low, thus turning off Q2 and Q3. Current that was flowing through LI and L2 is forced to 
continue to flow, but now must flow into the base of Ql and Q4. Hence, with Ql and Q4 turned on 
(saturated) and Q2 and Q3 off, the output is equal to 20 V less V CE SAT of Ql or Q4. Current spiking 
from Ql and Q4 on the transitions is prevented by D 122 and D123. When Q2 and Q3 turn on again, 
Ql and Q4 must be fully off before current can flow through D122 and D123. This is because if D122 
and D123 are forward-biased, the base-emitter junction of Ql and Q4 are reversed-biased, 

3.2.7 Inhibit Drivers 

Inhibit driver circuitry is illustrated in Figure 3-13. The driver pair for data bit 1 1 is shown. It is typical 
of all 19 inhibit driver pairs on the Gl 16 sense/inhibit module. 

Only one of the inhibit drivers in the inhibit driver pair is selected during a core write cycle; that is, 
either SINA INH 1 or SINA INH 2 is asserted at the input (pin 2 or 1 1) to E46, depending on address 
bit 34 (SINA A34) of the core address. Figure 3-8 shows the correspondence between the core address 
bit and the SBus address for the three interleave modes. 
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Figure 3-12 Stack Charge Circuit 

When the SINA INH signal is asserted and the associated data register flip-flop is cleared; that is, 
when a is written in bit 1 1 of the selected word, the output of E46 (pin 1 or 13) goes high, driving 
current through the primary winding of E47 to which the selected gate is connected. The secondary 
winding of that transformer provides the current to turn on Q27 or Q28. When turned on, current 
flows from the +20 V power supply, through fuse F14, saturating transformer E45, Q27 or Q28, 
isolation diodes, the sense/inhibit winding, and the diodes (D92 and D93 or D90 and D91) to ground. 
The value for the inhibit current is primarily determined by the bias current to transformer E45 (wind- 
ing 3-12). Bias current generation and the operation of saturating transformers is discussed in Sub- 
section 3.2.5. 

Each leg of the sense/inhibit sees half inhibit current; approximate 370 mA. Capacitor C125, diodes 
D88 and D89, and resistor R14 help reduce the power dissipated in Q27 or Q28 during turn-off. 

Capacitors CI 23 and CI 24 allow the gate to pump reverse current into the transformer primary; they 
also help to decrease the turn-on time of Q27 or Q28. 

3.2.8 Sense Amplifiers 

Sense amplifiers are used to detect 1 outputs from the core stack. Figure 3-13 shows the sense amplifier 
circuit for data bit 1 1 interconnected with the associated sense/inhibit windings and inhibit driver pair. 
The circuit is typical of all the sense amplifier circuits on the Gl 16 sense/inhibit module. It consists of 
the sense amplifier IC, terminating capacitors for the sense/inhibit windings, and a threshold voltage 
network. 
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There are two sense amplifiers per data bit with each sense amplifier input connecting to 16K cores. 
During a core read operation, the inhibit driver connection is an open circuit through driver transistor 
Q27 or Q28. The effect of the inhibit driver circuits and isolation diodes D92 and D93 or D90 and D91 
can be ignored during the read operation because the diodes are reversed-biased. 

Sense amplifier E50 (type 7520), being a dual IC package, connects to both sense/inhibit lines of one 
mat. Each interior circuit consists of a preamplifier and sense amplifier. The inputs to the internal 
sense amplifiers are available to facilitate accurate strobe timing. Both circuits share a reference volt- 
age (or threshold voltage) amplifier (pins 4 and 5). In this application, pin 4 is grounded through 
resistor R182 and a positive threshold voltage of approximately 17 mV is supplied to pin 5. 

Margin control line MAT2 VTH MARGIN from the controller connects to all the threshold voltage 
networks in the sense/inhibit module. It also connects to the +5 V power supply (through a resistor) in 
the sense/inhibit module (pin FR1), thus providing the positive voltage that is divided to establish the 
threshold voltage. For low-margin operation, VTH MARGIN is grounded through a resistance in the 
controller to shunt the threshold voltage networks and lower the voltage -7.5 percent. For high 
margin operation, the controller connects VTH MARGIN to +3 V to raise the threshold voltage -7.5 
percent. Although switched by the controller, the ground (for low margin) originates in the SMs. This 
is to keep the low margin voltage constant, no matter how many SMs are in the system. That is, each of 
the four ground connections, MAT2 VTH GND n (n - 0-3), connects from the controller to one of 
the G236 driver modules (pin AMI) in each SM. A line is grounded, changing the shunt resistance and 
maintaining a constant margin voltage, whenever an additional SM is installed; that is, when the 
associated G236 module is plugged in. 

3.2.9 Sense Strobe Control 

The outputs of the sense amplifiers in the Gl 16 sense/inhibit module are controlled by SINA SENSE 
STROBE. Similar to SINA INH I and 2, either SENSE STROBE (and 2) or SENSE STROBE 1 
(and 3) is asserted, depending on the state of core address bit 34. The strobes connect to the sense 
amplifier IC (Figure 3-13) to cause the sense amplifier's output to be asserted for the duration of the 
strobe signal when a 1 is to be read from core. 

SENSE STROBE is generated by DRVA SS in the G236 driver module. The leading edge of DRVA 
SS is controlled by the output of a one-shot (- 175 ns duration) that is triggered by DRVC X READ 
SINK TIME. (This signal activates the X read current, which causes the cores to switch and core 
outputs to appear at the sense amplifier's inputs.) The trailing edge of the strobe is controlled by 
controller signal MAT1 END STRB. The two signals, END STRB and the output of the one-shot, 
are ANDed to assert DRVA SS and 1 (and thus SINA SENSE STROBE and 1) when the 1 output 
from core is at or near its peak amplitude. Timing is shown in Figure 3-14. 

The sense amplifiers are strobed only during the SBus read or RMW operations. This is controlled by 
level MAT2 RD RQ A(l) from the controller which is true during these operations. It is gated with 
END STRB and the one-shot's output at the input to DRVA SS and 1. During the SBus write 
operation, RD RQ A(l) is false to prevent the strobes from occurring. 

The duration of the one-shot in the sense strobe control is controlled by transistor Q6 and a resistor 
network in the one-shot's external timing circuit. Jumpers W1-W4 in the resistor network are cut to 
adjust the strobe's leading edge to its optimum position. This is a factory adjustment; the jumper 
configuration should not be changed in the field. 

The sense strobe is margined by changing the voltage on margin control line MAT2 STRB MARGIN. 
The line, which connects to the resistor network that biases Q14, has a value of -2.0 V during normal 
operation. For an early strobe (low margin), the line is grounded in the controller to decrease the 
duration of the one-shot by -15 ns. For a late strobe (high margin), the line is connected to +5 V 
through a resistor to increase the duration of the one-shot - 15 ns. 
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Figure 3-13 Sense Amplifier and Inhibit Driver 

3.2.10 Data Register 

The data register consists of 37 D-type flip-flops on the SM's Gl 16 sense/inhibit modules. During the 
core read cycle (core cycle initiated by SBus read or RMW operation), the flip-flops are direct-cleared 
by SINA CLR MDR and 1 and then direct-set by the sense amplifier outputs when Is are read from 
core. (Timing is shown in Figure 3-14.) CLR MDR and 1 are generated by controller signals MAT1 
CLEAR and 1. The strobing of the sense amplifiers to set the flip-flops is discussed in Subsection 
3.2.9. 

Prior to the core write cycle (core cycle initiated by the SBus write or RMW operation), the register 
flip-flops are clocked by SINA CLK MDR and 1 to load write data from the SBus. The SBus data 
lines are connected to the D inputs. CLK MDR is generated by controller signal MAC2 Bn CLK (n - 
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Figure 3-14 Timing Diagram for the Sense Portion of a Read Operation 



3.2.11 Bias Current Detector and SM Reset Logic 

Without bias current, the saturating transformers in the current generator and inhibit driver circuits do 
not sufficiently limit stack currents. Thus, a bias current detector circuit (in the G236 driver module) is 
used to disable the drive circuits if a bias current dropdut should occur. 

Bias current originates in the driver module, where it is applied to the current generators (in series), 
and outputs to the Gl 16 sense/inhibit module on line DRVA I BIAS SOURCE. In the sense/inhibit 
module, it is applied to the inhibit drivers (in series) and routed back to the driver module on line 
SINA I BIAS RETURN. The return line connects to the bias current detector, which completes the 
bias current loop by providing a path to ground through a small resistance (R19). The detector circuit 
monitors the voltage drop across this resistance to sense a loss of bias current. 

When bias current drops, a differential amplifier (El) turns on transistor Q10. The switching of Q10 
grounds an input on the AND enable gate for each current generator, thus turning off and disabling 
the X-Y read/write currents. Grounding the enable inputs also turns off transistor Q9. This causes 
DRVA INT DC LO to go high, asserting SINA PF in the sense/inhibit module. Similar to the dis- 
abling of the current generators, SINA PF connects to each inhibit driver's AND enable and turns off 
all inhibit currents. The inhibit currents (and X-Y read/write currents) remain disabled until bias 
current is restored. 
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DRV A INT DC LO also prevents inhibit currents when a G236 driver module (and thus the bias 
current generator and detector) is removed from the system. INT DC LO goes high to assert SINA PF, 
just as if the bias current detector (now removed) had sensed the absence of current. 

The bias current detector circuitry is also used to prevent uncontrolled stack currents from destroying 
data in core when the system is powered up and powered down. Controller signal MAT2 CROBAR 
turns on transistor Ql 1, which switches Q10 and inhibits the stack currents during this interval. 
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A 


A/Address/Phase A 


MEM 


ACKN 


Acknowledge 


MSB 


ADR 


Address 


MU 


AMP 


Amplifier 


N 


AR 


Around 


OS 


B 


B/Bank/Phase B 


PAR 


BUSI 


Bus (Internal) 


PI 


C 


Controller 


POS 


CLK 


Clock 


PWR 


CLR 


Clear 


RD 


CNTR 


Counter 


RMW 


CONT 


Control/Controller 


RQ 


CT 


Count 


S 


CUR 


Current 


S' 


CYC 


Cycle 


SA 


D 


Data 


SB 


DEL 


Delay 


SBUS 


DIAG 


Diagnostic Cycle 


SEL 


DLY 


Delay 


SIN 


DO 


Data Out 


SM 


DRV 


Driver 


SS 


EN 


Enable 


ST 


ERR 


Error 


STK 


FF 


Flip-flop 


STRB 


FUNC 


Function 


SW 


GND 


Ground 


SYNC 


I 


Current 


TE 


IL 


Interleave 


THRESH 


INC 


Incomplete 


TIM 


INH 


Inhibit 


V 


INT 


Internal 


VTH 


INTL 


Interleave 


WR 


I/O 


Input/Output 


X 


LD 


Load 


XNRD 


LE 


Leading Edge 


XPWD 


LSB 


Lc*st Significant Bit 


XS 


MAC 


Memory Control 


Y 


MAR 


Margin 


YNRD 


MARG 


Margin 


YPWD 


MAT 


Memory Timing 


YS 


MC 


Memory Controller 





Memory 

Most Significant Bit 

Module Utilization 

Number 

One-shot 

Parity 

Priority Interrupt 

Positive 

Power 

Read 

Read-Modify-Write 

Request 

Starting Address 

Updated Starting Address 

Sense Amplifier/ Shift Register A 

Shift Register B 

Storage Bus 

Select 

Sense Inhibit 

Storage Module 

Sense Strobe 

Start 

Stack 

Strobe 

Switch 

Synchronize 

Trailing Edge 

Threshold 

Time/Timing 

Or/Voltage 

Voltage Threshold 

Write 

XLine 

X Line Negative Read Driver 

X Line Positive Write Driver 

X Line Selection Switch 

YLine 

Y Line Negative Read Driver 

Y Line Positive Write Driver 

Y Line Selection Switch 



MB/A-1 



INDEX 



Address Acknowledge (ACKN), 1-4, 2-3, 2-4 

Control, 2-26, 3-10 

Duration and Phase, 2-14, 2-16, 
Address Boundaries, 1-6, 2-7, 2-8, 2-9, 2-20, 
2-22, 2-24 

Address Boundary Registers, 3-1, 3-5, 3-9 
Address Counter, 2-26, 3-5, 

Logic Description, 3-10 
Address Latches, 2-26, 2-28, 3-5 
Address (ADR) Lines, 1-4, 1-6, 2-3, 2-5, 3-5 
Address Parity (ADR PAR), 2-3, 3-5 
Address Parity Error (ADR PAR ERR), 1-7, 
2-3, 2-7, 2-18, 3-8, 3-14, 3-18 
Address Switches, 1-6 
APR Interrupt, 1-7 



B 



Bias Current 

Detector, 3-32 

Supply, 3-26 
BLKO PI, 1-5, 1-7, 2-4 



Controller, 1-1 

Address, 2-6, 2-7 

Basic Operation, 2-24 

Block Diagram, 2-2, 3-2, 3-3 

Busy, 1-4, 1-5, 2-24, 2-28, 3-9 

Hard Wired Address, 3-1 

Hung, 1-7 

Logic Description, 3-1 

Module Types, 3-1 

Odd/Even Status, 1-6, 2-6, 2-9, 3-6, 3-10 

Offline, 1-6, 1-7, 2-6 

Pair, 2-24 

Reset Logic, 3-19 

Sequence of Operation, 2-25 
Core Address (Location), 2-29, 2-34 

Decoders, 3-5, 3-20 

Selection, 2-18, 2-20, 2-22, 3-6 
Core Array, 2-29 

Core Cycle, 1-4, 1-5, 1-8, 2-9, 2-29, 3-5, 
3-23, 3-31 

Active, 2-26 

Initiation, 2-1 1, 2-14, 2-16, 3-10 

Number per Memory Reference, 2-11, 

2-16, 2-27 

Read, 2-33, 2-37 

Time, 1-8, 2-19 

Timing Signals, 2-28, 3-10, 3-15, 3-24 

Write, 2-29,2-39 

Write Enable, 2-26, 2-27, 3-14 



CPU Cabinet, 1-1 

CROBAR, 2-3, 3-18, 3-19, 3-33 

Current Generators, 2-34 

Bias Current, 3-32 

Circuit Description, 3-26 

Circuit Diagram, 3-27 

Enable and Control Signals, 2-37, 2-39, 

3-20, 3-23 

D 

Data Buffering, 2-36 

Data Lines, 1-4, 1-5, 2-3, 2-1 1, 2-14, 3-1, 3-19, 

3-31 

Data Parity (DATA PAR), 2-3, 2-4 

Data Parity Error, 1-7, 2-18 

Data Register, 1-7, 2-26, 2-27, 2-37, 2-39, 3-29 

Circuit Description, 3-31 

Interconnection in Data Path, 2-36 
DATA VALID, 1-5, 2-3 

Control, 2-27, 3-14 

Duration and Phase, 2-16 
Data Word, 1-1 
Delta Noise, 2-33 
DIAG, 1-5, 2-3, 2-4, 3-1 
Diagnostic Cycle, 1-4, 1-6, 1-7, 2-9, 3-19 

Basic Operation, 1-5 

Data Bit Description, 2-6 

Data Bit Format, 2-5 

Functional Description, 2-4 

Logic Description, 3-1 

Timing Diagram, 2-4, 3-4, 
Diagnostic Features, 1-7 
Diagnostic Function Code, 2-5, 2-7, 2-8, 3-1 
Differential Amplifier, 3-32 
DIVIA20, 1-1, 2-1, 2-6 
Dummy Cycle, 2-24, 3-14 



Error 
Checking, 1-7 
Clear, 2-6 
Flags, 1-7, 3-18 
Logic, 3-18 
Register, 3-1 



Four- Way Interleave Mode, 1-6, 2-9, 2-18 

H 

Half-Select Current, 2-29 
Hysteresis Loop, 2-32 



MB/INDEX-1 



I 

Incomplete Request, 1-7, 2-7, 3-18 
Inhibit Driver 

Bias Current, 3-32 

Circuit Description, 3-28 

Circuit Diagram, 3-31 

Enable and Control Signals, 2-36, 2-39, 3-20 

Interconnection in Data Path, 2-36 

Interleave Mode, 1-6, 2-6, 2-7, 3-8 
Interleaved Operation, 1-1, 1-5, 2-9, 2-24, 
3-6, 3-9 
I/O Cabinet, 1-1 



Load Enable Bit, 2-6, 2-8 
Loop-Around Mode, 2-7, 2-9, 3-1 
Basic Operation, 1-7 
Functional Description, 2-16 
SM Deselect, 3-8, 3-14 

M 

Margin Control 

Basic Operation, 1-7 

Bits, 2-8, 3-19 

Circuit Description, 3-19, 3-26, 3-30, 

Register, 3-1, 3-19 
MB20 

Basic Operation, 1-4 

Block Diagram, 1-2, 2-2 

Components, 1-1 

Maximum Capacity, l-l 

Module Utilization, 1-3 

Specifications, 1-8 
MBox, 1-1, 2-1 

Clock, 2-1 

Error Address Register, 1-7 

Memory Reference, 1-4 
MEM RESET, 2-3, 3-18, 3-19 
Memory 

Access Times, 1-8, 2-11 

Address, 1-6, 2-7 

Addressing, 2-18 

Controller (See Controller) 

ID, 2-9 

Mat, 2-29 

Reference, 1-4 

Response, 2-12 

System Configuration, 2-22 

Type, 1-8 

N 
No-Interleave Mode, 1-6, 2-9, 2-22 
Nonexistent Memory, 1-7 



O 

Odd/Even Address, 1-5, 1-6, 2-11 



Physical Number, 1-5 



Quad- word, 1-4, 2-9 

Distribution, 2-18, 2-20, 2-22 



Read Access Time, 1-8 
Read Data Enables, 2-27, 2-39, 3-13 
Read Destroy Operation, 2-33 
Read-Modify- Write Operation 

Basic Operation, 1-5 

Controller Operation, 2-27 

Functional Description, 2-16 

Timing Diagram, 2-17,3-11 
Read Operation 

Basic Operation, 1-5 

Controller Operation, 2-27 

Functional Description, 2-14 

Timing Diagram, 2-15, 3-11 
Read Request (RD RQ), 1-4, 2-3, 2-28, 2-39, 
3-5 
Read/Write Control, 3-13, 3-14 

Timing Diagram, 3-11, 3-15 
Request 

Enables, 1-6, 1-7, 2-6, 2-9, 3-9, 3-12 

Latches, 3-5, 3-9, 3-16 



Saturating Transformer, 3-26 

SBus, 1-1 

Error (ERROR), 1-7, 2-1, 2-3, 3-18 

Internal Clock (CLK INT), 2-1, 2-3 

Operation, 2-1 

Signal Summary, 2-3 
Sense Amplifier 

Circuit Description, 3-29 

Circuit Diagram, 3-31 

Interconnection in Data Path, 2-36 

Strobe, 2-28, 2-39, 3-19, 3-30 

Threshold, 3-19, 3-30 
Sense Inhibit 

Function, 2-36 

Line, 2-29 
Slow Clocking, 1-8 

Special Case (Two-Way Interleave Mode), 
2-24, 3-7, 3-8, 3-14 
Special Data Modes, 2-16 
Stack Charge Circuit, 2-28, 2-37, 2-39 

Circuit Description, 3-28 

Circuit Diagram, 3-29 



MB/INDEX-2 



Stack Capacitance, 3-28 
Stack Diodes, 2-34, 2-35, 2-39, 3-24 
Stack Select, 2-37, 3-20 
Staggered Read Current, 3-26 
START, 1-4, 2-1, 2-3 

Control, 2-24, 3-9 
Starting Address, 1-4, 2-3, 2-9, 2-11, 2-20, 
2-26, 3-6 

Modified (Updated), 2-20, 2-22, 2-27, 3-5, 
3-6, 3-10 
Storage Modules, 1-1 

Accessed During Interleaved Operation, 
2-22 

Basic Operation, 2-28 

Block Diagram, 2-2, 3-21 

Capacity, 1-1, 2-28 

Connected, 2-8 

Logic Description, 3-20 

Module Types, 3-20 

Reconfiguration, 2-11, 2-18, 2-20, 2-22 

Section, 2-28, 3-20 

Select Levels, 3-8, 3-14, 3-22 

Selection, 2-18, 2-20, 2-22, 3-5 

Sequence of Operation, 2-38 
Synchronizing Flip- Flops, 3-16 



Termination and Restart, 2-27, 3-16 

Time State Generator, 3-12 

Two- Way Interleave Mode, 1-6, 2-9, 2-20 



Voltage Requirements, 1-8 



Word 
Order, 



W 



1-4, 2-11,2-26 



1-4, 1-7, 2-3, 2-9, 3-5 



1-8 

2-26, 2-27, 3-13 

1-4 



Requests (RQM), 

Selection, 2-10 
Write Access Time, 
Write Data Strobes, 
Write Operation 

Basic Operation, 

Controller Operation, 2-26 

Functional Description, 2-11 

Timing Diagram, 2-13,3-11 
Write Request (WR RQ), 1-4, 2-3, 2-1 1, 
2-16, 3-5 

X 

X-Y Drive Control, 3-23 
X-Y Driver/Switch, 2-34, 2-25 

Circuit Description, 3-23 

Circuit Diagram, 3-25 

Enable and Control Signals, 2-37, 2-39, 3-24 

Selection, 3-22 
X-Y Select Lines, 2-29 
X-Y Selection, 2-34 



MB/INDEX-3 



__1. 



L1.L5..I.. 



JJL 



ORVA X-URIIE CURRENT SOURCE - 

♦eov 



ORVC K-URITE SOURCE TIME I — 



DRVC HUM SINK IMC I 



NOTES! 

II IME BII6,H27ie AND 023* BLOCK SCHEMATICS 

IN MIS PRINT SET REPRESENT 1» BT V BUS, IRMCN IS 
I BANK OF SIORAOE for I C0HIH0L. SEC D-nWO-B-nUBF 
FOR THE LOCATION OF OTHER BANKS. 
i) 1MESE PRIHfS RETIECI HVIV M MM CIRCUIT SCHEMATICS 
THESE PRINK REFLECT REV A OF THE HZ2SB CIMMlI SCHBMIKS 
THESE PRINTS REFLECT REV E OF THE KJt CIRCUIT SCHEMATICS 

i; vssjsstj SEriM!:scMS 

tHl INDICAIE A CONTMl 

III INDICAIE A lltllHS BOARD 

III INDICATE • BANK HunBFft <*-<■»> 

mi indicate a sn Hunts* <*-i> 



-maci am hm^d 

-HAC1 CCHI HM»H 

-nnci awl ad* si h 

-met CINI ad* W H 
DRVC SIACK SEl L 




drvd Nsai 
drvo nsai 
hvo nsai 

DRVO II SEl I 
DRVO 12 SEl L 
DRVO II SEl I 
DRV* II SEl L 
DRVD I* SEL I 



-lHr«» 




DRVD WHO tH<JjH> 
DRVO XMW *»<£££> 



MiM md srcctrKallos. rf«tt". <M f 
«r •M>|i«. muifwhi cmiwwihw «• **i 
arK» « Wfft In mi( m 

M (Mil »m *« MIltIM «• Wlf i 
M 44IIKM *»W|MI»». 
)t«rs. •Mtft cnmtfNl ciarahiM^ 



[ch ance ho. Cev 



DRVB X-URIIE CURRENT SOURCE 



DRVO 86 sn. t 
DRVC X-URIIE SOURCE IlnE I 



ORVC X-READ SINK TIME I 



DRVD MSEL I 



DRVD I* SEL I - 



DRVD II SEL I 



DRVD 12 SEl I 



DRVD II SEL L — 



ORVO II SCI I - 



DRVO 15 SEL L - 






IT 







I . UNLESS OIICRUISE INDICAIEDI 
ALL DIODES ARC C*7S 
All RCSISIORS ARE 2«»p. I'ZU 
AIL IRAHSISIORS AKf DEC ).*i-"i 
ALL CnPACHOPS ARE IBnf 



lHil«WlPi?"" f > r ^f 



I 



A-KLESjfceC..-. J!&<&.lS>CEJL I 

Mvu.l«"flJal fiZ-.AUfc:?6_].l!-23 j***' HIOCR ASScm 

igsr usee oh upliom nypcn !Sg8 ,ifi-DP-.fB<;8-i>._ 

j~_::"i_ —i ........a 



TDAjc~|HllEi 

i'_ j 



32K X Y DRIVF 
<G2'3G> ...... 

I CODE I MiriBFR I RE' 

BS 1MB20 0-DRVD _ I . » 
r.~.""' 



-• eeaul sa I d 

«M | W Qttj Mil 



rem par err i 



<fig> sbusihj mniL — *< ^i?^*-"** •"• M 



<gj> SBUSCH) MX) 19 l *< 'SSI/ 1 ' - **" " M 




met AMI LAICH B <9> H 
<Jg> SBUSI H 



<B3> S8UMH1 AMI It L - 



<gS> sbusihi miu — 2c ^J** 



rem it H 






<JH> SBUSIHl AMI tt L - il< C^J\ I1 __ 

rem 17 h n ^azj 



<EEZ> sbusihi mm 



" 1 f«A\it 



"O 



t LAICH 

ei7 



■• — rem an I par cRR laich i<Ej£> 
'S^-imoi LAICH 21 M 



*r* 



I EH 9-1 



EH 2-3 



'IpBBOl LAICH 22 H 



-nnCS LAICH 21 H 



<g2> SSUStHI ADS 2t I. 



<gS£> S8U5IM) AM 29 I- - 

-ISAC* PAR H 




<Jg£> S8USIHI AMI 2t I 



' S8USIH1 AMI 27 L 



"^j^) 1 ^ 



_u 



*K 



EH 9-1 
EH 2-3 



|-rem LAICH Zt H 

^IIICl LAICH 29 H 

-f>nnDi LAICH 2t H 

Z-l«Oi LAICH 27 H 
>" 

IWC1 AMI LAICH C <0> H 



<E2> S8USIMJ AM 29 
<B3> SBUSIHI ADR 29 L 
<gR> SBUSIHI ADR 39 






<gg> SBUSIHI AMI 31 L - -Scl^^Xy 

mjcit; 



T^eh 



1 LAICH 
7t79 
Ell 



"5Ti 



'I- rem laich 2» h 

'ir IWCi LAICH 23 It 

'f| noes LAICH 19 H 

-rem LAICH 31 H 



IKC1 AMI LAICH D <»> H 
<gg> SBUSIHI ADR 32 L 



<EJE> SBUSIHI AMI 33 L - -*fi^\j 
<BS> SBUSIHl BO RO L 



<gi£> SBUSIHI IS BO L 






1 LATCH 
TVS 

£27 



'S-nsc-i IAICH 12 H 
'l^rem LAICH 31 h 



firem cihi R0<E5?> 
."rooih ^^ 

L-rem am «<E6i> 
) 8 ro < i > h ^^ 



-IWl RO RO H 



-HACH WUN 



rem laich 

IWC9 LAtCH 
IWCt LAICH 29 
HMN LAtCH 



IWCt UPPER AMI SU 19 
IWCt UPPER AMI SU 19 
WIC« UPPER AMI SU ~ 
met UPPER AMI SU 




IWO COUAL 10 H 



19 <l> H-|3 
I9<l> H-H 
29 (I) M-lS 
■*" 21 H-" 

H=q 



»3< — i IH A>9 
GIB —i IH A' 

C&tfl £ Itt Al 



no laich 19 <i> H- 

«m LAICH 19 <l> H- 

rtnCH LAICH 29 ( I > H -JHA2 

HAC1 LAICH 21 H — " Al 

IWC6 LOICR ADR SU 19 H-rJ .™ 
IWCt LOUER DOR SU 19 H-" Bt 
IWCl LOUER AM) SU 29 H-4 112 
met LOUFH ADR SU 21 H — 2 « 



•9 UUt J 

B an I 

a fin <• 



IWCI LAICH 21 H- 



IWCl LAtCH et H- 



rem LAICH e3 H- 



IWO LAICH 2t H- 



IWi LAICH 29 H- 



HACt LAICH 26 H- 



IWCI LAICH 27 H- 



SI9HRL NMC MD1EI 

l> WCRE 1LEIICRJ" IS USED IH SIEHnL HWItS It 

StW«S fO* IHE rOLLOUIHa UIRCLISI SIBHAL HAWS! 

IH1 • • OR I 

tXM*lE> SBUSIHl DeUL'SBIBB D09L 

CXATTLEinACI OKI IHW till L • IWCl CI IHH Till L 



IMC* LAICH 29 H- 






MM LAICH 29 H- 



HAC<| LAICH 39 H- 



mCH LAICH 31 H- 



HAO LAICH 32 H- 



IMCt LAICH 33 I 



WCl It H 

ltd I) H 
nnci it H 

HArt 17 H 

IWCl LAICH 19 <l> H 

IWCt LAICH 19 <l> H 

HACf LAtCH 29 < I > H 

IWCl LAtCH 21 H 

•WCl LAICH 22 H 



„ n 7h»»i 



rem ohi<Q9> 

AMI 29 L nnd LAICH 23 H 

IWCl LAICH 21 H 
IWCl LAICH 29 H-™v« 
IWCl LAICH Zt H-lIt>l 
IWCl LAtCM 27 H-lt D1 

rem ctHi<Ha> nBC * ,u,,CHMM -4 m 
am vt L '****' rem LAtai 29H-4i)t 



*-rem anKEO iwci l»i«i 32 H- 

AM 32 t ««> LAIOI 33 H — 

IWCl LAICH 3* H 
IWCl LAICH 39 H v 

IWC3 RQ9 H- 1 
IMC9 ROI H 
IWC3 R02 H 



l*-rec"» aHi<E3> 

ADR 33 I 



IWC3 R03 H — 3 M 



K5» M *mx m Im 
mi h* imis f» tie nv«#Mciwr m v*.t m 
•nm mhmwi whhm rowtsiw. 

IVIMM@I1K. »I«IH«. WWMI H»—lf 



>. JQWHGE HO.lREj 



I 




IWC< LAICH 19(1) 



rem laich 19 <■> i 



IWCH LAICH 2» 1 1 > H 



WCt LAICH 29 ( I > L 



IWCt LAICH 3t H 



noct LAICH 3t L 



HOlEi CHECK PARIS lISI 
OH l>C Ua C*MJ|t« FOR 
POSSIBLE IB SERIES I.C. 
REQUIRE WHIS. 



CONTROL LOGIC 
(M05&3) 

?l2fTcOC*r MUTBfR I RE> 

d Ibs Inse e-e- tiflcs I 
...J ' 



I 



~PT J~ ■srisi.nr 



<SI> SSUSiHI Ml I 



noes inc m rioa m 



<aa>stuscHiMi i 



<g]> SBUSIMl OML 



mct rune <•> t- 



mcl MM GUI I - 



=t>J4>l- 



<®> SBUStNl M7 t 






<ED SSUSfMI Ml L 
~, „ >«Ct DM M 



750^-0- 



<KD SBUSCNIOBS L 

„. „ met dm it- -U| 



Si^o 



^oJ 15 ^^' 



<Et> SBUSCHJ Ml t 



£-jto J 



<EEX>saustNi tw i- 

mes Be? m -.5 

<HD ««USf HI OM L 
mc"> MS H ■£ 



j=t>J4> 



^o-i«<f>^ 



<EE> SMIStHI Bit I 
noes MS H t5 



s^<o« 



-EP"<I> 



<Rt> SSUSfMI MS I. 

noes oat n •£ 

met FUMC tt> t 



met MIA QUI I - 



<H3> sbusimi on t 



<B3> sbuscmi on i 

•WCJ M* H 






<E5I> S8USIHI0M L 

run ao eh 



3>JK<£>1#- 



<BH> SBUSIMl 61* t 

met wn horoih cm h 
mn Bet h 

<IH> sous ni »it i. 



I ^40/ muni VIC 1.- » 

nw *^ met rue idi &I~V_ •*>• «^ 

tii j->d_-r~^ wi 



'f wrj l 1 



5lPtt£>ia, 



<E0> S8USIH) 01/ 1-, . 

<Bfl> sBiisiHj ori t 
wet no ch 



<5fi> SBUSCNIDIt L 

met em su 



mes Bit H 

met rue <ot. 



nncs 017 m 



••""-^qJuJXj. 



«" ftjJkj^u, 



<gfl> SBUSCH) OCI L 

■met las* ami su a m 



<S]>SSUStNI 0S*L 

met use* «M»n 






<g]> SBUSIMl Ml t 
met LOUEM MM SM is n 



<B9>ssusih] BIB I. 
met LOCB. MM SU IS M- 



met n*c <t> l 

met mim out l 



<Hfl>ssustHi on i 
met wren urn su 
mes Ml H 

<B3> SBUSIMl BT> I 

met irrat mm 91 m h 

mC9 IK* N 



»• "-t>i-<j>l_ 



353^0*- 



S^o* 



M-W *r I 



< „ t _^ D J 



<I8I>saj5«Hi on i 
mci oei h jz 



<Hfl> SBUSfHI Oil L 

mes oe* h 



pt>J4>L 



<JU> SBUSIMl 02* I 

L «W KID 



<H> seusmi on I-, , 

nn bib m . f— L^P— "*<| >"«w bw h 
metnwe..., _, . . 

" ■ — ' ^ - met rune 



: »»i— to- 1 



<IO>SaJSI MIOTIC 
met DO IN 
mc> ow h 

<ES> SBUSCH I BI9 I 
met DM SU 19 

IKS Bll M 

<GQ> SB1BIHI ox t 

met ao w 

IK) BFB H 



i on i — _ . 



,W -p>-^>-m« bii r* "■'*« ""Ht>-^>-r 

-, <BEDs«ieiMiBj*t-— , 

J«<)>Hlm« btb'T " " * " ' "" 55J*<f>- 
1 <KJ> seusiHi bii i , 

ana l-^ ihmukidi tcr~\ I aaia V 



<BB> sausmi *ckm * 



<BZ>! 



<K?> SBUSJHI BIM 



-met MM VHLIB 

met cart bust 



<EJ>s«us 



Ml BMB H 



<EJ> SBMCMI MM VMLIB 



^S& SBUSIHI MM «MLB> | 






mes mxh • h 



IK) WKN • N 



IMC9 MM WLIB • H 

<IQ> mit a«i cut * i — 1 
<XEZ> i»w cchi cui 



<d>nBct ihc m 






IKJ DHI <JH> 

busi cut h <ECI> mw am an 



mes mm wnuio • n 



SISHM. HWC MOIll 

u ucbc tutierr is use* ih smmm. mncs if 

sr««s fo* fnc TBLiattm uiklisi siemi m«s> 

ini • • at i 

cmmn seustHi pbbl-sbusb bbbl 

tKmvLEimci am im tin l • met ci mm tm t 



♦».B» 
J 1BB> 



SBUSIMl OHKM 1<EE> 



<XB> mrz ci mi an 



II I 1 I « l 



B« 



mo am busi a« t h<QQ> 



MOIfi CMiOl PWTS IIST 
OH IK UA OKflMIMB F0» 
rOSSIBLE IB SERICS I.e. 
KOUIKrCNlS. 



p«r«ni m »miw m i ih <i | aMM «•• *«u 
' » » u » n>w» « iw» in umn m tr 
•w urn n> *€ na^acnat « *u •» 

■IIRH fWIMK 



•Ml M MW 
HM MMM Wll 

jawiwiiSiin, 



WVBIBWS 

Cm jCMWOt MD.jWEV 



I 




I ^ I I *»•■* «*M sal o I 
J _-Li»l «»!? l!«?l>*«l 



nod exit, h — %» 
bbct bo? m- 
iwc9 ooa m- 
rww on m-11 



bbci bib H- U i>t 



mm on h 

<£Jf> MftK CLR SUltCHES t -if 

nee* load «HHti < i > H-*- 



Itrf 



-£i 



««! 



BBC6 fill «b H 

nnct bii 07 h 

noes RS EH B < I .' H 

**-«** HO EM I < I) H 

■ipi-IIBW BO EM Z < I ) H 

•3-llBCt POCHXDH 



l»C5 BIS M — 3 
HOC* 015 M 
BBC'S Bit H — * 
BBC5 DI7 H-J- 1 
IWC5 DM H 
BBC5 DI9 H-*~ 



l»C* ICMD ADD SU < I > H- 



0"i 



OBf IMC6 om» Sll IS H 

-met; «* yi is H 

H4T6 m su KH 

OlpS-IJWS nr* SU I7H 

'£-«** Luutff hor sh i 



*M 



nof.'J B2B ii- 
»<(:■> oei it 

IH1C5 B22 M- 

BnC9 1*3 h-^Mdi 



15-mbcs 10UER BDR SU 19 H ,j 

Unci DPS M-J-* 



- iwct i#r i* «» su es h 



rf 



6 p rr 

-•ii^s 



nutfc i.unB »o imii < 1 1 



- naf.t> lcw<b #4jo su ( i 



met Mi. ih i 



noes load m*6 ' 



notl ci« iibrg In ( 



<Jg> rwci am ev hu to h-U 

- finCi LOUP BR < i > h a 

rwCB FI»C IH H — 15 OT 
flBC? PUB at I — i< CI 

a ri 



<Q£>rmC6 CCMI sm M- 



BftCt FUHC «l> H- 



7&& 



Ite 



4S 



sxa nix 



H!« W! 



-imct von h 

bbcs bis n 

-BBC* DBS H 



BBCT DBS M J DIB 

-*MI 



SS-imc* mm> m 

IK1 BK M 



■T « — BBCt DB7 H 



IWCt BITS 27VZBV29 M- 



BRCt IH EH L - 



_3 



'bii 



lea' 



BAC6 BAR OFF H-f — ^HjBI 
--IWCB CLB ERR IH H 



-IMCe LOAD HJHH IH H 



!*>CS BI2 H - 
-nftCl LOAO ADO SU IH H 



•i*- 



BBC* LOAD tMWIH H 



^ WW 



.1- 

la 



— • . 

15c El 



•tXZ «!• 
£60 



Ibis 

4 Ml 



BII 

i set" 



mrc bcl < • > H 

IMS IH EH H-l 



IKS LOOP BR 1 1 ) H 
-IWCt CLR ItWS tH H 

BBC* LOOP RR IH H 

- BBCt LOOP BR IH H 



- BBC* ML IH M 



-BBC* FUHC I R H 




y>i nacs FUHC < I > I 



-mes i inup br h 



IK>Ct D£L 

HBC* fuc 

IK** 



C* Fl»« I B H ■• v 



B«;t FUHC IN H 



BIH CBIE 
rtl.riM.IER 

Efll 



HBC5 B«7 ri 

inn bm 



nBrt B3S h41 



IIBC6 FLOP < I > H 
I1BCS SFLECI H 



CII7 r" 
IBriF^ 





BBCt BnlA BUI L 



IS 27VZ8VZ9 H 

BBC* CIHI BUSI O.K 
HBC6 BUT B < I » H 
BRC& IM OFF H 



BBC* IHC *U CI L - 

<SSO nnn cihi eosi cm a h- 



Gl 



-■* 



-.-IWC6 IMC RO CI H <TM> mCi CtH) SfBfil BVB H 
)J BACH FBR ERR H 

A-MBC* IHC BO C? L 



CIESR 

EIWJLE 
.,- STROBE 
-M* UNITY/CBSC 



BBCl INC RO 
NBC* IHC RO 
-I1BC1 BUR LBICM BLF H-J 



FLBB H- — Z E™^S~ 



l*Ct BDR PnR ERR 




HBC6 IHC RO CI H 



BBCt B»R PBR ERR FIBS 

<gjl> H*"* aH * BUSI CIK A 



H * . 



-nnct. iht so hob n 

-J.-BBC6 BOB r«R ERR H 
A-BBCi BDR BBR ERR I 

18 
" BBCt IHC RO I I > L <f ?I> 

Jq IIBCfc BDR PAR ERR Ft BG H 



I1BC6 CLR ERR <l> H 



HBCS LOOP BR « I > H 



<EHE> •*«* ohi vw BBpetH H - u V^£\i 1 
<HI> mcB am sirs bbrsih h-IS/J^L/^ 

BBCt IH EM H < BX> "OCS W M 1 CUR IWWlH H-— /f^* 



HBCt OKI BIBB LOOP BBCK KEED 



bbcc bhi hhpgih on h 

BBC5 DZ? H— - 



np>cn Kt> h — 3 ki 
tines 1*9 ii-l^re 



SIGHM. HBf* HOIEl 

l> UHERE 'ILEIIERl' IS USED IH SIGtWL HMCS II 

SIAMBS FOR IHE F0LL0UIH8 UlRELISI SIOHM. HMCSi 

CHI - • OB I 

EXflrTLEl SBUSIMI DBBL-SBIISB OOBL 

EMBiFlEi nnci aul INH (in I • twci CI Hal lln L 



nm:t CLR nflRB < ■ ) 
imi:i pue or 



met Lono BBRB 
_ll 



HBC5 B IB h -13 at 

I, 

t 



» BftRO ( I > II -j ■ 

U \ ~X „ I 
17NB8 y>l/LJ 



son 

74 171 
EM 



-»-nnC6 CIHI glH<gH|> 
- J BBRSIH H 

^r-IIPCS OHI SIRB<HE> 
"■" , BBRSIH H 

'JJj-BBCi OHI Cl«)<IQ> 
~ flBRGIH H 

! ?i,-n»cfc cihi nr«B-<Ciig> 

"' DIRFCIIUH H 



BBCt BDR PBR ERR L 



-BBC9 BBS I 
-W1C5 BBI I 



tmrt CIHI BIBB Al 



INIf fw n lio m* v«clrir»ll«N(, >«aciM. it m« 
•miiik f ip i l i K Mi naruMHON «•• will 
« Mrwcurtft n oriu «• hstb m ««.« ot i« 
mi •« 14 bmii rcn i«€ mviciih 

HIM MMN MIIIICI* KMIt%l«H. 
cor HI MM© I vs. »I*IIM. raiMnCMi 



CWlCIWHSE MO. 



jl: 



xz: 




. (-■-»■-. -*rfi77 |~ "I MIE~|EHE« '^ " I OBli 



rieao |b DO; 




nnct SEIECI H 



WIIE' CltCK POKIS LISI 
OH IHC tin DRDUIIIG FOR 
roSSIBlE IB SERIES I.e. 
RFQUIRCnCHIS. 



CONFROl. LOGIC 
_ ( f1_8568> 

SJ«|ciic*| HI>«CR I REV. 

£• Lbs lr»20-e-mc.s_ l __ 



<m>— 

<EH>— 
<E2>— 

<rs>— 



— n- 






mi* 
— «- 



m* 
— K- 



i»* 
-tt- 



cit 
••* 
-fl- 



Cll 

nrf 

-*- 



cit 

•Of 

— It- 



Cl) 
IBr* 

— «- 



CI1 
Mr* 

-fl- 



era 

•** 

—th- 



en 
i** 

— «- 



era 

Mr* 

— tf- 



cra 

Mr* 

— «- 



» til ♦! 

_-~ <82> 

~<2g> 
-<22> 
— <M> 
— <32> 
—<gg> 
-<B3> 
—<BS> 
— <B8> 
— <K> 
— <E> 
-<K> 
— <HI> 



_— <BH> 
" — <m> 

— <JBE> 

_— <hz> 
— <aa> 

— <D2> 
— <Jffl> 
— <SS> 
— <2SE> 

-<ja> 
— <tn> 

-<E2> 

— <ss> 
— <ss> 

— <EB> 

— <hz> 



— <BI> 

— <sn> 

— <1K> 
— <EK> 
-<HD 
— <ER> 
— <ED> 
— <E2> 
— <Hfl> 

— <n& 

— <HD 



IE 



at* 
•»* 

-fl- 



121 

l%* 

—fl- 



cei 

IBl* 

-Hi- 



lar* 
-fl- 



eet 
-fl- 



IM 

— II- 



esa 

IBr* 

— *- 



CM 
— fl- 



I** 

-HI- 



CM 
lar* 

-Ht- 



Mi* 

-HI- 



I** 
-*- 



CTl 
••rf 

— li- 



eu 

Mr* 

-fl- 



int 
Mr* 
— «- 



cv 

Ml* 



CM 
Mr* 

— fl- 



I 



Cia 
Ml* 

— «- 



Dig 
IBl* 
— «- 



Mr* 

— K- 



era 

Mr* 



■•>* 

— fl- 



ier* 

— fl- 



i?i« 
t«t* 

-fl- 



ew 
Mr* 

-HI- 



Mi* 
—II- 



CSI 

Mr* 
-HI- 



CK 
Mr* 
— It- 



«1 
I** 

-fl- 



C*l 
l»* 
-HI- 



CM 

Br* 

-HI- 



CK 
•Br* 

-Hl- 



cv 

Ml* 

— «- 



Mi* 

-HI- 



ow> in. ra.avw\ 



C7« 

i«i* 
—fl- 



C7» 

IBr* 

-HI- 



CM 
IBr* 

— If- 



iei* 
—Il- 



eal 

IBr* 
—It- 



cm 
i»* 

— H- 



cw 
i»* 
— «- 



cat 
IBnF 

-fl- 



ea? 

IBi* 

-tt- 



iar* 
—fl- 



ew 
t»»* 

-fl- 



CS! 

Mr* 

-HI- 



CK 
Ml* 

-HI- 



cm 

Ml* 

-fl- 



W1 
Ml* 

— fl- 
ew 

IVr* 

-fl- 



ew 

Mr* 

—H- 



i** 
— fl- 



CIM 

I** 

—tt- 



Mr* 

— II- 



ciai 

MnF 

—fl- 



cia>i 

Mr* 

— II- 



CIB9 
M>* 

— K- 



tar* 

— II- 



Mr* 

—II- 



ciaj 
iai* 

— fl- 



cia» 

••r* 

— II- 



cua 

iai* 

—fl- 



cni 

Ml* 
—fl- 



Cllt 
•Br* 

— «- 



CM 
I ian 

I — -II 



CM1 

IBr* 

f- 



. MN|f« # «*>f fMT 



m v» ai tea w mu w >» USE2S!S1_!BJ5* 
in rm m mMfwfun m »u w I I 

•»•• «NM HHIIOI Id 

[l»Tlt«fc)l»r». mm 



CMS 
Ml* 

-Hf— 

cut 

I** 

— «— 

CIM 

Ml* 

-II— 

cm 
■>%* 
-HI— 
ciza 
J** 

-HI— 

cm 

Tar* 

-HI — 

cm 



cin 



M»U> O€or PflBis list 
DN l>« |M OMillMB f«> 
POSSItLE M SCDICS I.e. 

mouiaciKNis. 




.Jaiife' ?'*" "*" c "" tlf "* ° ' < *'-"^ > 



Tj C* V VU- noi I cihi Ktto iaie l<gEI> 




—"^^k 



-mil CIHI eus> ti<HD 



- -non cno uhiie tnm.1 m 



nan nci* at earii ihi l<SE> 






Tlni:66ui".ili . .' .11 ' ■■*'*; 
iRiilisio oh wtiiiH '.u>ti.i nB^n 



i:\G 30ARD 



,^:"5^t)- ifi';. . . . 1. _5 I 



- 



1" 



r 



j 2 ; «T 2iw>-»-K»Tsa f all 

-1~J ."«»l__H»!....\L!!el«!»|J. 



<H> mtt IMC »o i — 
<K> S8USIHJ m nest! 



<Bl)s«ia 







note am IHHIM.IK t<KT> 

^^ "IV 

<Hg> saisiHi cm im i. —| 
mw tin suhcmes L<2U> 



-not* cms* a i <gj> 



0H> mri «"» 



WN(I) H — »— | J 

1*16 
flMa 



SI9MRL MM« HOftl 

ii hck -tumur is usee in siam«. hwc ii 

SI WO rot tHC FOUOMlHB Him 1ST SICHM. MttCSl 

ini • • at i 

tWWPlII SWStHI M* • SBUS* DHL 

evw.fi two ctHi ink tin i - met ci Miitii 



mit nm m> m « < i > h<KD 



ml* CIMI K> M ■ <l> H<KL> 



<(W BncitWMrt ►— . . — <gJI> 



r 



J 



<B3>ei 



W K (HI L L, 



I 



j^g^ 



IMTC CINI SPECIAL »JV 1 H<gg> 



noTI Fn» CAR IW CTCIC5 I - 



jjj^^'wa 



hi special *iv i h<32> 



1HI SPECIAL .■** « H<S]> 



, f J 'h'/) u -w nm bmta an i i<g£> 




'•iz -^iIl'' ~ ' w ' 2 a " ' a " * l <K?> 



'^K 



miz «mi tiK n «.<KJ> 



ft* ** Basil IQ» fME <iMM>ct:«c ■• 'Wf or 
■me irtlmif MtllMf* WM«»». 



HK[OW H6t MB.fc ltV 



<fiff> mc* am cut iwnin H . 

<K1> HO ONI mA DIKCtlQH H- 



T© 1 



<BS> nncs am sim mmiH h — 



<Bfi> nan ctHt vm mmiN »- 



+-Uk 



T.„ 



T 

|lK» 1% 



:3§> 



-^ 
& 



-mis CIHI HI cut rews u<BS> 



-n»lz ohi lou am rente m<5R> 



^SP)* 



J 



-ml* ohi si»8 mm t<BSg> ♦?» 



I 



A 



Milt 

9Ka it | — mi2 an) vim rwtsiM h<SJ]> 
n 

I* 



82 

■ju u 

IS 

1U It 



<SBS> m» ohi vm «m> • i - 



(SB>iMtan)>mm i i-'" 7 ^? '* 

IT* 

<g5I> mi? am vim wo ? i l7 f S ? "'• 

•2* 

<eR> mrj am vm gnp u '•''*; "•• 




i* 



_ Jgsi who on wiioH^no otti teee 
1 3 



TIMING BurtRD 

Ji*i*j&«i — r~3r-x:l , . _L_I18565 > 

> "lB- Pft-rsea-e U>_|S'i i?«20 -0-1«T2 J j 

L e !_ 




»K(W i' 



CONTROL 
t IO II K 13 14 15 I6|l7 »»|!y?5J|. z ll 2 ?'!3 2 -l ^-"6 



.fttft 



iTs n S* »bib i 



(wn b<is « ft* mis 



UM12 

lis a-m 



CONTROL I 
9 A)Im <2 3* 34 35 3fj|3? 36 39I4C 41 4?j43|4'l|4544d4?[lB 4<) tttel 0.? S3 f»4 



Bits 16 ('Af mis 



*" *** LJ^^IIH 2 | 



1 



Noirs: 

I PL..VV ( API FS AND M9O0S IEHMINAIOHS 
SUITIir OK* BASIC SYSTEM USAGE. TUB 
EXPANSION USAGE SI I O IIA Kl KA C 

;' MHW G HAS HANKS I,? 4 3 REMOVED IN 
CONIROI Oi I 
IO<l Itlllf n ME MOW StfES MH?0 I CORE 
EXPANSION UNITS ARE INSTALLED AS SHOWN. 
(I MPZtf-F EQUALS I BANK) 

3 UHAWING SHOWS IHt CONFIGURATION FOR IHE 
flHSl ANO Ofi SECONO MB20 MOUNT EO IN A 
KLIp C 



2 

!i 



RF.F PIN SI Of 




I 



._!. 



I 



rpon SHEET 2 



SWWI, J 

■ «n ro-s I 



simji caHiiwi.tEii 
met sfflRt a at a 

Mm LAIQFS AND MM 

chir ww simm img 
mm or updaied 
simiing am 



m* I.AICW <•> 



renunr mw and m 

LIHE VMICS IH MM 

kmd no i Aioes. am 

ADR ft*. OENERAIt 
Stl CORE ADR MO 
SEIECI tEVELS 



NOTE! 



« Wf crcu cow bust siwmm.5 
we mibeo man one conikol tones 

<W3M> ID OttKR.IHE SIGNALS 

mi oefiheo *s im if if mKimics 

OH TIC POMU Kim REFERENCED 
M« AS 1*1 IF If ORIBIHAIES OH 
THE OTHER nOBULE. 




ir rmct pa» crk hcn 
limes «* r«* err 
times »■«* irr noG 



.XIZ 



SOUS UMPMEMt 



10 SHEEI 3 
FROn SHEEI 2 



SEt COHIRO. FF'» 



CONT BUST, Bust, 

Emote, Mm tfticH 

SOUS ADR M» RO 
I IK VMUES 
LAIOCD 



URITC ANDRHI 





I1AI BE 

BEMLRAIFD bi oimer 

CTMIROUER IH 

INIERUMKO 

OrCRAtlSM 



MWMCE ADR CHW 
10 NEXT M*. 
SCf MCI DOME FF 

FOR THE ADDRESS 
ACKNOUUDGEO 




NO <nfiC2 ENDM.E -l> 



»ES <rtftC2 ENMRE - •> 



l! 



■*» MMM «• mrlrKMNMI. WH 

*•««• «• a»lt» m in» », m 

.— - MMIWHMKIU 
im KHM Ullf n» PDKHIIH. 

n>iv». >MIK twnx wi 



"• "** »*l RtviSIOMS ~T" 



T 




I!7*«*X :3*FI 1 ftf" J I 

«str«iit --Jslarrc 

£1 I p !. 



SHEEI I OF J 



MB20 
r >LQU DIAGRAM 

front [ hw> rjjv: 

h r Q.'nBf?0:fcFD . I _ 

I 



r 



n 




END CORE CICIE 



HfWCl EH) lit 
DO* FF *l-WO LATCHES 
(CLEAR RO LATCHES 
FOR UORD5 ACCESSED 
■« 1HIS CORE C1CLEJ 




I tlWC) STATE clear 

•<««C1 BUST 

••IMC) EMD Ml 

•*rtnC2 An FLOPS 

•HIBCe ENABLE 

•41AC) AM LAICH 

•»I1ACI DO CTC DOHC DELAY 

(IMLA1CH DOR 

MO RO LATCHES) 

IF REDO cias 

HEN CLEAR t»CS 

LOOP AR 



I 



DIAGNOSTIC CYCLE 



..Lf.bZ -£^MIK 

POWER UP/DOMN 



S8US DlnO (PHASE A> I 






c 



CROW* RELEASED 




HAC6 FLOP (PHASE A> met SELEC1 



iwiz crobar 



D 



mtiz clr smiiches 



CLEAR ADR SUIICHES 



imai del 
IMC6 DAlA oui a 
(CLOCK PHASE A) 



mes Ih eh and -nan t>n 



IF IMC3 DOT 1HEM l»C* CLR ERR 
IF met 012 IMEN LOflO Rf«HHR 



IIACfc IH EH AHD MACS DM 



IF IWTO OK fllEH LOAD ADR SU IM 

IF l«C6 Bll 2/ OR 28 OR 

W IHEM BAC6 LOAD HnM 

IF IWC& IWRO OFF IHEH 

I1ACS CLR HARO IH 

IF IWCt FUHC IA IHEH 

met FUMT IH ( I > 

IF tvm DIS ItlEH 

HAC* LOOP AR IH 



ml? IHIIIM.IH 



noil EMO SIROBE, 
mil REAO EARLY. 
HAll READ LAIE, EIC. 



IKJRE WORDS 10 ACCESS 



IHMC) SIAIE CLEAR 
•<MWC1 HIST 

■•mc) ehd ur 

•4IACZ An FLOPS 

• •ma EHAOLE 

••mCl RD C»C DOIC DELAY 

ADR CHIR*ADR LAICH 

*!,■» (UPDAIE 

STARTING ADR) 



IERHIHATE COHIROLLER 



•«WC1 SIAIE CLEAR 
• ttACI COM! BUST 



n: 



mo pouer clr 



CLEARS COHI FF ■ 



THIS CHAIN ENDS HERE 



THIS OnlH EI»S HERE 



RESIARI COHIROLLER 



I' J 



SHfEi £ or 3 



*|Ml* IMM im «• VfCiriCMMHS, iCKItt, *cc IK 

in or utiH fmtMtcwr a f m mitm **♦ immx 
: «er«Buct* m cvicn m usi* i* u«.f a* |h 

r««f w» mr ■Mstl rat ft« n««f«riwf on Wf or 

IfffflS MMUM t*MMM rOrHSSMM. 

nrMMMi|c)itft, •Mil*, cairn* r*i c w awnto*- 

1 r 



chkIchanee ho.Trev 



:t:~: 



7 1^ I DAIE EnG^ 

K'P'S-i I M 'i HQofiCJLxaiiOHi. 

_._ Ait JiJtz-+ fe/*fj3L EitEJ z Jf— 

" U$3*a*'tTB " "|ry-Aiii5-/S iS8_f »«THlgif6 ASSCnfiLTi 
FjRS^USTO S pPIJOJtfBDEli._ il.58 JiLM)-'' 



I 



>-riBi?B-e 



r.B?0 

£lou diagram 

siit[coO£| twoER - The 

" lFD lft82 0-0-FD _ 1_. 

..L ■ 



11 



— m— 



EIURh (M I 

tMTI 8US» I 



NOTES: 



I )IS IMIS A READ CYCLE (WD 

is loot Man moc 

tflrtCfc IOUP ARJ Mil SEI? 
JUS (.OOP MflM SEI OR 

IS this a sprain, case or 
intern eave e root? 

iwiie special cose emot-iei 

A IHUte IBRD IRANSfER IS KIHO 
DOME UIIH IME SIMtllNd ADDRESS 
<«*» RMS It AND K) EaM. Til • 
AMD UIIH Ml o.rq e,HO J,MU| HOI 

*a i. 

1>IS UHP AHOUO SEI OR 
IS IMIS A SPECIAL CASE OF 

Interleave ^ mode or is met 

ADR PAR ERR SEI7 




IPJ HSEC OCLAf 



IN HSEC DELA1 



E 




rfao cicie? >— 



¥. 



SEhsE STRuOE 
DRV* sse 
tDVn SSI 



• so hssc oeiat 



r> MSEC OELAT 



n msec belay 



( WIS CHAIH EMM MERE ~) 



RfnO HKIIUN I 

OF CMS one I 
IS tmiEIfD jtRim'JtfEl 




BO HSEC DELAT 




» MSEC DElAl 



50 MSEC DtLAI 



CIEAR Will 



1 



IE EMMIE I 



200 MSEC DELAt 



n MSEC OELAT 







II* 1 OFF 

noil imi line 

BAH M EACLI 

mil STK CHARGE 







90 HSEC OELAT 



( IMIS CMAlM ENDS HERE ) 



R 



SltEI 1 I1F 1 



}tm% « mi 

HUM MftWt Mil 

|nr»»MM©iv t 



«• jncMmiMa. M>l an nr 
l»* rawMxt narnoiMH »« wci 
i«niMMf« fc* 
•mis m ix >M«in m v»« « 
im» nxniMi. 



REVISIONS 

CHKlCIIANfiF MO, 



!«|l!»!MJ*. !*»."{£¥ 



mziz 




zl: 



JL 



FIRST CONTROLLER i «-, | 



IHIl I 

adr nucMi oiao bus 
■• ■« » 2i 

LOUER • • t • 
UPPER • « ■ I 



IMtL t 

I2BX 

ADR BUUHDMI DIM BUS 

(• 19 28 ei 
LOWER * 8 8 
UPPER • • I I 



IHIL • 

192* 

adr boucwi oias ails 

18 19 2a 21 

tow* • • • a 
upper a i • i 



IMtl I 

adr boimxvy bias bus 

It 19 2t 21 

town a a a a 
upper • I I I 



«.I8uT ■ 



llt-»«l 



I 18-12 I 



he--* | 




SECOND CONTROLLER 

MM BOUHDMII DIM ails 



sne 
•aia> 
i»ta> 
2ata> 


sni 
ia<a> 
i»a> 
2Bti> 






sne 
iaia> 
ma> 
e«a> 


Sill 

i«B) 
ixa> 
2aci> 






sna 
iati> 
i9ia> 
2«a> 


sni 

ie<i> 

i9<a» 

2*111 






sne 

18(1 > 

lilt) 

2«a> 


sra 

ibxd 

19(B) 

2*1) 







sna 
teta> 
i*a> 
2ata> 


sm Iste 
ia<a»i mar 

1X8) 19(1) 
2au>|28<a> 




sne Isni 
iaia;i iaxa> 
ixa>|i»(«> 
2ata>|2a<i> 


SH2 

tata* 

19(1) 

2*ta> 


Isna Isnt 
lie«i>: ikis 
|iKa>li9(a> 
|2fl<a>|2aci> 


SIC 

latii 

19(1) 
2ete> 




sne jsni \w { 
i8<i)l i»ii>liati>| 

19(8)1 I9(B>I|9(I>I 

2ata>|2acol2Ka>| 



sua 
tatai 

aatai 


sni 

iaca> 

(9«ai 

2*(l> 


sne 

i«a» 

19(1 > 
2exa> 


sm 
iata> 

19(1 > 

28ti> 


sna 
i»(a> 
i*a» 
2*ca> 


sni 

•«b> 

i9ta> 

28LI) 


sne 

ia«a» 

I9(l» 

2aca> 


sni 

lata) 

mi> 

2*(l> 


sne 

IKI) 

i»a> 
2ata> 


sni 

ibid 

i9ce> 

28(1) 


snz 

IKII 
19(1 > 

2*ta> 


sni 
lax * > 

19(11 
20(1) 


sna 
lain 
i*a> 
2*<a> 


sni 

lexn 

I9<a> 

2*(l> 


sne 
i«i> 

19(1) 

2aca> 


SIO 

latu 

I9(l> 

2a<i> 



I 2-1 I 



I I1-«*l 



I ia-j2| 



| 12-1"»| 



IMR 2 

DM SOUOART BIAS BUS 

la 19 2a 2i 

louer a • a a 
upper a a i i 



IHIL 2 

i25K 

ADR BOUHOMtt OIOO BUS 

ia 19 2a 2i 
louer • a • a 
upper biii 



mil 2 

I92K 

adr soumdwit BIAS BUS 

ia ia 2a 2« 
lower a a a a 
upper • a I I 



Mil 2 

ADR B0UHDAR1 0IA8 BUS 

•a 19 2a ei 
louer a a a a 
imi i i t i 



MIL 1 

I2SK 

ADR BOIMXWl bias BUS 

ia i9 2a 2t 

LOUER 8 8 B B 
UPPER Bill 



IHIL 1 
2KK 

BOB BuUHDARV BIAS BUS 

■a 19 2a 2i 
louer a a a a 

UPPER I I I I 



sna 








sna 








sne 


' 






sna 








i«e> 








lata) 








ie<e> 
















I9(B> 








t9ta> 








t9ta» 








19(91 








*M> 








MO 








MO 








AND 








*» a 








ROB 








RO 1 








RO 1 








OR 2 








OR 2 








OR » 








OR 1 









I 2-/ 






IS 


-19 






* 


19 






•*- 


V 






sna 


sm 






sna 


sni 






sna 


sni 






sna 


sni 




• 


ia<e> 


•ace> 






l«8» 


lacai 






i»ta> 


ia<a> 






iate> 


iBta> 






I9(B> 


19(1) 






I9ca» 


19(1 > 






19(8) 


19(1 ) 






i9ta> 


19(1) 






AND 


MO 






MO. 


AND 






MO 


mo 






mo 


AHO 






ro a 


ro a 






n a 


n a 






RO 1 


RO 1 






RO 1 


RO 1 






OR 2 


0* 2 






o* e 


OR 2 






M 1 


OR * 






OR 1 OR 1 







1 


2-ie 








l"l-22 








ie-ie 








12- 


» 




sna 


sni 


SIC 




sna 


sni 


sne 




sne 


sni 


SJW 




sne 


sni 


Sn2 




iBia> 


tatei 


ieo> 




18(8) 


iate> 


IMI) 




iate> 


late) 


IBID 




iata> 


iata> 


i ail) 




19(B) 


• 9(1) 


I9(B> 




i«a> 


19(1 > 


19(B) 




19(B) 


19(1) 


19(B) 




19(0) 


19(1) 


19(B) 




MO 


MO 


MO 




MO 


MO 


MO 




MO 


MO 


M» 




MO 


MO 


MO 




ro a 


ro a 


ro a 




ro a 


ROB 


ro a 




RO • 


RO 1 


RO 1 




RO 1 


RO 1 


RO 1 




OR 2 


OR 2 


OR 2 




OR 2 


OR 2 


OR 2 




OR 1 


OR 1 


OR ) 




OR 1 


OR 1 


OR » 





1 


2 


-11 






lt-29 






le-ii 






<l2- 


91 


1 


sna 


SIM 


5W 


SIO 


sna 


sm 


sn2 


sni 


sne 


sni 


St* 


SOT 


sna 


sni 


Sn2 


SIO 


IBIB) 


iate> 


10(1) 


IB(I> 


iata> 


lata) 


10(1) 


101 1) 


10(8) 


i«t> 


i«i) 


18(1) 


ixai 


■ace) 


18(1) 


1*1) 


• 9(a> 


19(1) 


19(B) 


19(1) 


19(B) 


19(1) 


19(B) 


19(1) 


19(B) 


19(1) 


• 9(B) 


19(11 


19(B) 


19(1) 


19(8) 


19(1) 


MO 


MID 


MO 


MO 


MO 


MO 


MO 


M» 


MO 


MO 


MO 


MO 


MO 


MO 


MO 


MO 


ro a 


m a 


ro a 


ro a 


m a 


m a 


ro a 


ro a 


«0 1 


RO 1 


RO 1 


RO I 


RO 1 


RO 1 


RO 1 


RO I 


OR 2 


OR 2 


OR 2 


OR 2 


OR 2 


OR 2 


OR 2 


OR 2 


OR 1 


OR 1 


OR 1 


OR 1 


OR 1 


OR 1 


OR 1 


OR 1 



1 2 


-' 






f. 


-19 






-» 


-is 






12 


V 






sna 


sni 






sub 


sm 






sna 


sni 






sne 


sni 






iata> 


i»te) 






1KB) 


lata) 






i«e» 


IBIS) 






iBta> 


IBtS) 






MO 


MO 






MO 


MO 






MO 


MO 






AfO 


MO 






ro a 


RO 2 






ro a 


ra 2 






RO 1 


Kit 1 






RQ 1 


RO 1 







1 


2- 


• 1 






!•»- 


29 






le 


-11 






12 


-91 


1 




sni 


s«2 


sm 


sna 


sm 


sw 


sni 


sne 


sni 


snz 


sn» 


sne 


sni 


Sn2 


sni 


iate> 


iete> 


IKI) 


IK I) 


iaxa> 


ia«a> 


18(1 > 


ISt 1) 


i«e> 


i«e> 


18(1 > 


IK 1 ) 


ime> 


ima> 


IKI) 


18(1) 




MO 


MO 


MO 


MO 


MO 


MO 


MO 


AND 


Nil 


M» 


MO 


wo 


MO 


MO 


MO 


ro e 


RO 2 


ro a 


RO 2 


ro a 


RO 2 


RO a 


RO 2 


RO 1 


W> 1 


MJ 1 


W 1 


RO 1 

t 


HO 1 


Ml 1 

- 


M 1 



18 19 28 21 
LOUCR 18 8 8 
UPPER 18 8 1 



am euuHOMtir dia8 ails 

18 19 28 21 

LOUER I 8 8 • 
UPPER I 8 I I 



ADR BOUNDARir OIAS BUS 

ga ii 28 21 
.louer i a a a 

UPPER I I a I 



ADR BOUOAR* DIA8 BUS 
IS 19 28 21 
LOUER 18 8 8 
UPPER I I I | 



ADR BOUTOMtT MAO BUS 
IB 19 28 21 

louer a a a a 
upper a a i i 



ADR BOUNDARY OIAO BUS 
IB 19 28 21 

louer a a a a 

UPPER Bill 



ADR BOUOMIT DIAS BUS 
18 19 28 21 



ADR BOIfOMV DIA9 BUS 
IS 19 28 21 
LOUER 8 8 8 8 
UPPER I I I I 



ADR BOUHDMn DIAS BUS 
IB 19 28 21 
LOUER 8 8 8 8 
UPPER Bill 



ADR BOMMRT DIA8 BUS 
IS 19 28 21 
LOUER 8 8 8 8 
UPPER I I I I 



I Httb IM «4Jlf 4 

liens uI!*«jui uairfrn rfn'tiS'ifON. 
ariNl*«f@i9r«. Df«HM fAflftcnl ri«nn«i|sw' 



THE CHART AT LEFT SHOUS 
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FOR ALL SIZE AND 
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HB80 DESKEU PROCEDURE 



1- USE COUM. LEM8IH PROBES MIH SHORI GROUHD a IPS. 

2- SELECI CLOCK RAfE 8 OH M.I8 (FOR OH LIHE OESKEU PROCCDURC). 
1- IK HWW DELAI LINES ARE ARRAMCED SO IMHI (A) CLOCK 

IS IHE IOP POT AMD (8) CLOCK IS IHE BOItOn POI. 
••- A ^888 SERIES OR EOUIVALENI SCOPE SHOULD BE USED WCH 

deskeu!i« ine me*. 

1- lie SCOPE SUECP RAIE SHOULD BE V.» OR LESS PER Cn. 



HB20 DESKEU PROCEDURE (USING A MA20-TA) 

I- PUT ALL SUIICHES OOUH. 



1- AP.RIS1 IIC UPPER D£LA» OH IHE IWW9 IH EfSI UNIIL IHE RISIHO EDGES nAICH 

OR CROSS At »I.9V. 

S- REPEAT STEPS I THROUGH 1 FOR D29AI MO II* IWK) IH EF91. 



t- REPEAT STEPS 9 IHROUOH I FOR 629K! AMD IH6 BSKS !H EF5S. 



I1B20 DESKEU PROCEDURE (ON LINE) 

1- SET CLOW RAIE TO "CRB*,' CLOCK SOURCE TO -CSS*. ITPE -FXI • 10 TUMI THE CLOCK OH. 

2- PLACE OKMCL I PROBE OH PIH SE22F2 'A CHAH8E ConlHO I • . STHC OH CHnNNEL I . 
1- PLACE CWMHEl 2 PROBE OH PIH HOIVI -nlR WOK CLOCK c. 

1- ALICH IHE RISIHS EDOE Of IHE PULSE DESIGNATED AS I , SO IHAI IHE W POIHI CROSSES 

IHE SECOND VERIICM. DIVISION or THE SCOPE SCREEN. HOIE THIS POSITION. 

9- PLACE CIIMwa 2 PROBE OM PIH 9D2&AI. ADAISI IHE IOP DELAT OH IHE IWK9, SLOI 

SEFBI SO IHAI IHE LEADIHa EDGE MX POIHI CROSSES THE SECOND VERIICAt. DIVISION 

OF THE SCOPE SCREEH. 

t- PLACE OIAWRX 2 PROBE OH PIH 9D29AI . AOJUSI IHE IOP DELAT OH IHE IW9S9, SLOI 
9EF9H SO IHAI IHE LEADIHO EDGE 98X POIHI CROSSES It* SECOND VERTICAL DIVISION 
OF IHE SCOPE SCREEH. 

r- REPLACE aiAHHEl 2 PROBE OH PIH lOHPI Hit nBOH CLOCK C. 



9- PLACE CHAXCL 2 PROBE OH PIH 9D2MI. ADJUSI IHE BOIIOn DELAT OH IHE nRKS, SLOI 
9EF8I SO THAI IHE LEADIHO EOBE 98% POINT CROSSES IIC VERTICAL DIVISION 

nam hoie ih step a. 

IB- PLACE CHANNEL 2 PROBE OH PIH 9D29KI. ADJUST IHE BOIIOn DELAT ON IHE IWK9, SLOI 
9EF91 SO IHAI IHE LEADIHO EDGE 98* POINT CROSSES IHE VERIICAL DIVISION 
1MRK HOIE IH STEP 8. 
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NOTES: 



I MS THIS A READ CTO.C AMD 
IS LOOP AROUND mOE 

<mct icw ar> imi set? 

2>IS IOW AROUND SET OK 
IS WIS A SPECIAL CASE OF 
iSHCBLCSVE S RCCET 

IL2 SPECIAL CASE EMAnpLCl 
A THREE UORD IROHSfER IS KINO 
DONE UMH TIC S1ARHNB ADDRESS 
(AD* AlfS 1* At* Vi» EQUAL 10 • 
AMD UIIH M 8.R0 2,*Q 1,0(11 NOT 
NO I. 

SJIS LOOP AROUND SSf CR 
IS THIS A SPECIAL CASE OF 
INiERLEAVE t MODE OR IS IMCS 
ADR PA* ERR SETT 
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B- NOU now CHAHWL B PROBE 10 9DP9KI . 

ADJOSI aOCRS AS IH SIEP 7 FOR TW IWK2 IH SLOI EF91 



I! 



SCOPE CEHIER Division 



niR raoK clk c I 




.r~u.r~i ..j—] 



MAi?0 INSRUCTION 
/SFIIIP CHARTS 
[smlcorcr hutmr I wV7 1 

D 1 1)5 [n»V0 -Ins J m 

-y -- ----- - 



r 



seus siari, 
mn am, ten ro-s 



J £ 



ADR LATCH <•> 



nEfiuSI AM AND M 
LINE VAtUES IH AM 
AND M LATCHES. OK 
AM PAR. GENERA IE 
SB CORE AM AMD 
SELECT UVCIS 



NOTE: 



as the cicle com! bust signals 
are uired froi one control board 
(hbki> to the other, the signals 

ARE DEFINED AS CPJ If II MI6IH- 
AIES OH IHE nOOULE KIND REFERENCED 
AND AS I HI IF II ORIGINATES ON 
THE OTHER IHOULE. 
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»IHM tmrMM OAKMWI Ml MU 

•urn «■ arro «« isu w wau « in 



REVISIONS 



.[REV 



i 



iiLiL_~;jnsL.»ii i 



START CONIfta.LER 



ItACI SIARI A OR B 
AM LAICHES AND AM 
CHIR HOLD START IMS 
AM OR UPDAIEO 
STARTING AM 



IF tV>C1 PAR ERR THEN 
nnoct AM PAR ERR 
IXtAtC PAR ERR FLAG 



SOUS AM PAR ERR 



unci «6ih 



FROtt SHEET 8 



SET CONTROL FF •« 



COM BUST. BUST, 
ENABLE, AM LATCH, 
SBUS AM ANO RO 
ll« VALUES 
LATCHED 



MAC) COM! BUSr 



URIIE AMD Rnu 
I 



READ 



ENABLE CORE UR CTC 
(URIIE EH - I) 



<£ 



READ AMD RIM 



GENERAIE IIACI Bn DO 
EH <IO SCLECIEB SB) 
AND nACI DATA VALID 
A M B OUT. 



NAC2 On a« 



SOUS OAIA VALID 




L^ 




HAT BE 

GENERATED Bl OIHER 

COHIROLLER IN 

INTERLEAVED 

OPERAIIOH 




ADVANCE AM CHIR 

TO HEX! AM. 
SEI HAC3 DONE FF 
FM IHE ADDRESS 

ACKNOULEDGED 



LAST "v. NO <HAC2 ENABLE -I) 

AM THIS 
CORE CIC 



1ES (tWCt ENABLE - •) 
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X 



T 




FLOU DIAGRAM 

TicKooET* r«ber "TrevT 

D |f5 |r»g8--0-FD [ _«_ 




<§ 



SBUS DIALOSUE ENDED 



"AM BUS DOME 



IW1I BUST (•) 
•ND (MC3 BUS PONE 



END CUBE CTCLE 



KtWC-l END M 

done rr *»«AO LATCHES 

• CLEAR BO LATCHES 

fob unros acccssec 
•» ihis caw ctcle > 




•Mil FOB 
DMA VDLIO 

FRon neox 



sbus data valid 




•II UOROS ACCESSED 



l*1Atl STATE CLEAR 
B4MC3 BUST 
• •IMC} (HD W 
•<4MC2 An FLOPS 
•«*«ACZ ENABLE 
BHWC1 AD* LAICH 
(UNLATCH ADA 
•ND BO LATCHES) 

IF bead cra.e 
mew clear met 

LOOP M 



TEAMMATE CONTROLLER 



b«mci state clear: 
••hoc j coni bus? 



mci O.V. A OB • IN 
m« CtK EN 



TORE UOHOS 10 ACCESS 



I •(MC'I SIAtE CIEAB 

••mo bust 

•1ACJ END M 
• •TMC2 An FLOPS 
•*mtt ENABLE 

•OR CNIB<AOB LATCH 

».J» (UPDATE 
SIABIIHG ADR) 



BESIARI CONTROLLER 



DIAGNOSTIC CYCLE 



MACS FLOP (PHASE A> J** 6 SELECT 




HARD UIREO ADR 

•to sous cwe-os 



met IN EN and -mes VT) 



if mes oes then met an err 

IF rwe* bit THEN LOAD AEO'IHTL 



HACt IN EN AND mt» DM 



IF m« DSt IHEH LOAD ADR SO IN 

IF IMC* BIT t7 OR «B OR 

*» IMEN BAC6 LOAD mm 

IF mCS IWRB OFF IHEH 

met CIA mR6 IN 

IF met FUNC I A IHEH 

met FUK IM < I > 

IF mci Dll THEN 

met LOOP A* IN 



D 



POUIER UfVDOUN 




DISABLE RD AND UR 
CURRENT 



miz aR suircHcs j clear odd suiicmes 



miz INITIAL IK 



mfl END STROBE, 
mil BEAD EARLT, 
mtl READ LATE, ETC. 



mC3 POUER CLR 



CLEARS COHT f F •» 



\ THIS CHAIN PIES MERE ) 
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mwwt ■> mum arm wnww, 
■— -r w«ml «t arm <• mm 

M «« MM rat iw imkm ■»(• 
ma*. 

• MMML HAiw CBVOMtMH- 



BRndM* 
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